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mt)ZHc 2 tLfct£, Hc 2 <Hrti5M 
f c t*ift©N i MnT*4Cfc£i&«£T*«SUS& 

*O0c«tt»ilfcS9i«tti»K*t»WT*0. £©H& 
fflflliW7X8WHr. <fi*ODcfiStt»«IO« 
fiB2;£Hc 2< hLfc<fci§r. Hc 2 <HrT£5fiBfUei/x 
a*JRC*^T. IMBEttttttJffKfttN i OitCC oO 

£ * <ft« i T * «£U£S«!lSi!t. 
lffi$m 3 ] mliEN i M n n Jg^^f*^. 

6 ] ft Git fctt*f »*« ^ □ 5 9 A ( C r ) T 

z. t zmwLtr %m#m i c«©&£u&&i3!ijiiiR. 

[»^7] BflfSN i MnOTilitt, Ti. H 
f. Zr, Y. Ta. C rXHitlSO^Mff At5 
d t^4#mt-rs»^]S 1 Ett©ffiaU&£tg4£lt. 

Iffi&m 8 ] fflE#tttt*JR©**#f 20~35t> 

taS#JK9] ffiE£tt&l£ftI£N i MnRtfdtlicP 
tt-T 3 0 OT56nF©«*fc*SV>TlWE! 

M. 

r. te#©l*att*it©««;fj*Hc 2 . 

Hk 2 iLtit, Hc 2 <Hk 2 <H r £ 

»«fr«»*B i xti 2 Ett©ig&£ftft&iE. 

(IfjRJK 1 1 ] «tt#©a»*tN i . F e , Co. N 
i Fe, N i F e C o3Ui;in 6 ©-&&££$# il" 5 

n t tr zmm 1 x« 2 Eft©tt*u&tais 

K. 

[Mf$« 1 2 ] MC#ttttWK&ttttffKc!>||i|Bic C 
o. FeCo, N i CoXttN i FeCo£5~3 0* 



(2) «fW¥9 - 5 0 6 1 1 
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Xtt 2 E«©Bii»ffita3»*M. 
JSSHSMifll. 

0. £©E»«tt»R©/ , H'7X«#£H r, 
Itt»lO«^$Hc 2 tLfttg. Hc 2 <HrT 
»*«a»St3»»«lC*^T. «rEE3&8tt##N i m 

f«±(cN i x co,., mtm (x = o~o. 9)$i 

«ttl*lil©#«W7£Hc s fcUfci*, Hc 2 <H r T* 
a*«»«»BS*Kfcisir»T, iKrKE!ft«##a<N i K 
flOJLLCN ix Co,., $Kt:BI£x = 0*6 0. 9CD® 

[W*3S17] N i»{kJK©MJ¥*<l 0 0*^65 0 0 
*>^XhD-AT?*2.o,!:*!|$Sttt5»*^l 5X 

» 1 6 Eft©tt£u&st8!)$H. 

30 HH#JH18] N i»ft« + ©N i C»f«0©<a« 

5xbi6 w.m<Dffi.$\M.mmm, 

[«t«19] Ni» Co,- x MI (x = 0~0. 
9) *0Ni, Co,., KWr«O©«fiKtfc**0. 5* 
6 2. 5-r**it*««fr*l«*«l 5XJ41 6fi 

[»^2o] n i x co,., mitm (x = o~o. 

9 ) 4>© C o *«:«©»»»£**;* bf *;MtjS££/£# 
£T*£££*&«<t:-r-5lll:ft#l 5X«1 6Ett©ft£( 

40 mmmm. 

mmm2 1] S9S«tt*«©SiBft$*«2. 0*6 
3 Ot^Xhn-AT'^it^itritfll 

5 Xfct 1 6 Km.<omnmmsm. 

lfl!:J»R2 21 »»ifflSi^Au, Ag. C 
u. Ru, ReXtt^nSW^T'liSui^ftt 
5»*ai 5Xtii 6 Ett©ttau&&$i&K. 

[St#Jg 2 3 ] ««±tcM£$i!£;fr LT«H bfc 

50 0. ^OSiIWl0AV7XWSHr. te2f©tt 



3 

M.'&mmofcm.JlZHcz tLtztZ. Hc 2 <HrT 

0^63 5 *>ifz bn—&-v&z>zt&!$®.f?z>ffi 
1 5 X\t 1 6 £tt<?>ig5US$i$)$ftl. 

&tt?lIg©ffif&;>}£Hc 2 <hUfc£^. Hc 2 <HrT 

* % m%mm$m ^ t, bu i s*«tt » © jp**< 8 
jk 1 5 x« 1 6 mt<nw.fm8m$m<, 

IWmm 2 5 ] K!ftttttffK0/W r . 

2 irbfci:^. Hc 2 <Hk 2 <HrT»5CiS»a 
fr*»*5Sl 5XH1 6 flEtt<Z>tt3l&£%ft$IK. 
[WjfcJg 2 6 ] ffltflECiftJ'N i . F e . Co. F 
eCo, NiFe. N i F e C oXB:tl60^Si 

*»tr*^t*»«t-r*ii#flii 5xiii 6E«© 

t«*« 2 7 ] ttttMKQjRJttO* 20*6150*> 
6 £«©ffi&ft&t$!l%l&, 

[W*]S2 8] *«tt*«ttaitt»«t©SWiitCo. 
FeCo, N i C oXBN i F e C o£ 1 ~3 0*>? 

2 9 ] K^m^nmti&^mm<D^mtz f 

e. Ni, CoXttcn^©&M3~3 0t>^Xh 
[«fS3 0] £ttSJ&££A;A*& 3 0 OttLTK 

9 omm^^^z.t^^tT^>m^mi sxm 6 

»*9S1 5X111 6ett<8Bft&£!&jHRIC&V>T. S 

ft m v> t jjubka: r * <t -r -5 »sus#b»* 

K. 

moon 3 3 ] B.m&'&m/'g, i ©3fc«ttjp/#«tt 

«/*2 0»*ttH^6&««SU^t«!i** : F. XliJ5t 

^attii/^ i v><&m.tem/m i ©mrx>a>x«/ 

#«te»/SB2©MRX>A>XJB/fc2©MHBttJH** 
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SfcQ . Ka«tt«*<N i «-ft«S/C oStt«2II 
T&D. NiSMWlOnmWJiT'J&f), 
Co*ft«j|)tff**0. 3*>S3. OnrafibSiSMffi 
JMHim^Vvt. N iSMt$54>©N iBsH^C/ (N i 
HmS+OBg^Sc) #*0. 3-0. 71*1)0, ^O, C 
oSftfttCCoSfS/ (CoK^Sfc+OSHHK) at 
0. 3-0. 7T*SH£*«*£-r*afflHfttt»** 

To 

io tftii#es<hTs»^3 zuw.<nmmmm%m=?-. 
im&m 35] n i »<t«j/ c o 2 «a©ss 

X«3 4C«©a^iSia^m^T. 

H»#8 3 6] SlM2©ilWNiFeX 
ttN i Fe Coft£j£friT£tma^&5 

^t-swjrji 33-3 5 ©^-rn^ 1 jsis*©fis»it^c 

3 7] #U ©3t&ttJf #C o fti/dcfr-fTS 
tm. % 2 ©?Smtt«^N i F e XttN i FeCo« 

20 ftfttt&ttnfrzfczzt&ftmt-fzm&ms 3- 
3 6 ©^-rn^ i JBKfcoagaJStta***^ 

[»*B3 8] #«*il:Pd. Al, Cu. Ta, 
In. B. Nb. Hf. Mo. W. Re. Ru. Rh. 
Ga. Zr. I r. Au. A g ZmuTZ C t£¥fW.t 

-tzm&m 3 3 ~ 3 7 ©i^-f n#> 1 JSfe«©fiS5ugia2»i 

[«*3S39] «14«tCCu. AgXllAui»5ft 

s^;i/-^e > ^-5M!|^ftfflv^c:tft#mi-r-5it* 
^3 3-3 8 wrtiif* i ^le^fiDasi^ta**^. 

30 [ffi*3!4 0] «ttICAg»CuXttRett 

c u ft^^trs^ftfflvi-s z. t *«f«i-r*ai* 
js 3 3 ~ 3 soMfn* i mmmomm.t&tfi^m^ 
mmm 4 i ] mw&mwaufi 1 ~ 1 o nm. *t k 

$#0. l~lwm, #IttII»«i2~3nm, R3I 
»tt«ll*««l 0-7 0 nmT£3 CI £-f3ff 

*^3 3~4 omi-rnfrimftfiwm&j&mjimm 
[i*i4 2] f&m*mmR*®te2itz>z\tiz± 

0 fffaS«14»Kft^ LTi D^^iWOim 

40 a*ipj©fct-r^a^7 ok#>&9 ofg©igHic$.^^«i:ft 
#SitiT^.rtd<«3 3-4 i wrtifr i «E«©a* 

4 3 ] £«/Tift»/l*ttteJi/#8ttH/ 

U5ut§#tfr^ji3 3-4 2©^m*ua 

E«©a^iSta^*mT. 
[W*J14 4] *«/T*H/»«tfe)B/#«ttli/ 

' 9S»ttJi/co»{t»/N i*{t<»t^5«jftoaais 

50 fci^^{C*3ViT, TiffiSfCTa. Ti. Zr. Hf 



5 

7x«R^Ti;ffi«^ii^«)isnT*3D. *©±k± 
4 6 ] !i*is 3 3-4 4 © t, vrna> 1 SE«6 

im&x 4 7 ] ffijftm 4 5 xti 4 6 E«©amjgtn#i 

iMMfflyxfAt, amees'X^ARtfls&us 

fc * C £: * #® 1 1" S e^KIt -> X t- A . 
[0 0 0 1] 

[fgeii©«-f&£«7>»] «S0SSM*:*tc*Vi 
[0 0 0 2] ttaj«*tcE«Ufc«f« 

fl^^tt^-sfc^wa^-tr >+»-- chits *>©t& 

[0 0 0 3] 

a^*Sa^-tr>-y-- («T. MRt>it-iH3) R 
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[0 0 0 4] #MBtt?5M£^UT*lf Sttfc'>ft 

< tt> 2 lt*o, -^<D^m^twm 
izfc&m&mmzmm v-zmi & z. t x-tAmij zs-z. . 

10 Jgtn#)Sffii#&£ (7^-/M Ufa- B (Phy 
s. Rev. B) f43|, $1 2 9 71, 1991 

WI¥4-3 5 8 3 1 0*|&») o 
[0 0 0 5] MRt>f-X(i 

45 0. utin*ta«f STittt i^f.f-f 
^ns^t^jMLTVi-So MRt>-y--(t mz-w 

*©Sf©MRt>*-li. tt^0*^©JStn© lit 
20 ^*Wt7j|6lt^*SraEtl-5!g5»]«8g©y3|fil©W©ft 

(AMR) ^IJcS^TftfrrS,, AMRMOiD 
PL-^SSifWtt. D. A. hA7> (Thompson) 
^CDlfw^t "Memo r y. Storage, and R 
elated Applications" IEEE 
Trans, on Mag. MAG-11. p. 10 
3 9 (1 9 7 5) fCEffc£ftTH-5. 

[0006] $e.ic«ifi(cti. mmm^.±>-y—<D&m 
awta*. «ttg^s>-r^attiiWT-©e^«?-©7.tf 
30 >^#ttem. Rtf-en£ttisrr4ii#ffiT©;*fcr>te 

ti-c^-s. -©a^,}gtn:5a*«. "u±mm.M.tn®%" 

*>o. AMR3a**fijffl-r*-fe>-y— T»Ksn*j:o 
fe. ssMtsn, asBEfbifcfcsv*. ^fflioMR 

©r B i©¥fflrtffifei#. 2 o©B©a<k*i6ira©^s©* 

K(CJt0iJUTg{r:-r-5o 
40 [0 0 0 7] 1 9 8 6fp6mcffi$fc|§#£3R£ftTV>5 
®M¥2 - 6 1 5 7 2#&$Rfctt. «ttBW©WkOK 

< <h t> 2 JBO»«tfeJB©-*CS«l«ttJB*ftlia Lfzffi 
T&Rtffc&MVkm £ LT F e M n ^jg^Tifc S C t^, 
^*$tlTli-g>. 

[0008] 1 9 9 0¥l2flllB 
50 T^*, #^¥4-3 5 8 3 1 0^1ifB{C«. #JKtt^ 
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Jf£#U Wan«»***T*4*^C2r>©9S»tt*JR 

[0 0 0 9] 1 9 9 4^9^ 8 B£#ttlBA{C«fc Dftfc 
mi$ni^5#I?6 - 2 1 4 8 3 7 ^Tli. H«± 
^LT«1L t«»®8ttSH4» 6 & 0 , 

, tbfzmiZ, Hc 2 <HrT**«a^tJ8l«»K*J 
IrVT. MfigaittM^N i O. Ni x Co,_, O. C 

[0 0 10] 

[0 0 11] «ttlf £^LTPDi^ffi&ttBflS? 

Kl!MHSWJ&:ttS«UB*«*0. M-Rtt«HC*5l-t-5lt« 
KW-KdM* 6'>7hUTU*5tV»5 IBIS*** o 

[0 0 12] EilttlltLTFeMni^ 
[0 0 13] a*6<](ClKttiifli/«14*i«/ai4»M 

t&in.mtm^t£ ^t^o mmifitor) tz. 

[0 0 14] — S!SBtt»RtlTIftttOlftft 

[0015] &%Mit»mtLTmmKmm.im*m 
^zm-s, mmm&vrztif®m?z>®m&m**8utL> 

[0 0 16] SttSStt^tLTN i OtCoOCOgfe 
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[0 0 17] K&l&fflBliLTN i 0±.\Z 1 0*^4 0 

^->^x hD-Acocoo£«/f Lfz—ms&zm^zm 

Co OR&ffi&tt*I£f#.5 <Dtfi\m\zM L^t^o n 

[0018] s*wfcattsiit/*«ttiii)t/aEtt»it 
3 ntc^se®*^©^ g &nm&<D^t£mm l 

io [ooi 9] *58bhcdbww:. tfna««r»T?e«wc 

2***t £ SHK-T * £ i C & * . 
[0 0 2 0] Sfc. ±E«E#©ft«5Ttt. Xtf>/^y 

[0021] ~j}<z>&m&m%:temft*m*2iiz>^& 

X =f 'J ->X jft^n-^-r < & -5 £ H 5 mfflfllb r> fzo 

[0022] sv^^mmvtzmm.&mJi^m^m 

5KlffrJW>h (^DX#-f>h) T'SiBft-r^^i^ 

[0 0 2 3] *»§8tt. ajffc, Bftft, 

-> X ^ A S Z. £ & § W t -f S . 

40 [0 0 2 4] 

mm^mm-^tzsbn^m ±.mmMttmm.-tz>tz 
m^nm<D/u7xm^H r . ^^©^attjii^©^ 

I*5;Hc 2 i:Lfc<i#. Hc 2 <H r T-^-SBafitri 

[0 0 2 5] *«W©S«|«ttWiUcffl^*S9ft«tt» 
#»4. 4>&<<hfc— c tilCNIMnTW. 
50 WEN i Mn-&&©MnJiB^ff^£4 6^6 6 0%© 
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mmtuz-t z>ctiz&<o, mvmzmxstzWi&v* f c t 

T«, Ti, Hf. Zr. Y^fflhcpWMSL 

sic swttttMRN i MnRUztuzmmrz®. 
m&mm*. 3 0 ov-sxT^umizn^xmrnmr^c 

ifCiD. N i M n CD f c tlftfSjSftU S^mttlR 
InlS*tt*#4--r^^<t:^pI^Ta5-5. N i Mn 

o%cok* (o zmm-rz>z.tiz£o, 

•So SIC N i Mn^ICO- 1 OXO^aS.OA (C 
r) $^JD-TSC:<»:ICJ;D. »&tt£SsD-5 d t^ftftg 

[0 0 2 6] fSJjgH. X/V^'J>m »f 

^Xtf^^->-fe (MB E) ^(D^mr-ffo. mrz. S 
fiiLTIi. i/7X, S i . MgO, A 1 2 0 3 . Si 
C. G a A s . 7x7-f K CaTi 2 0 3 > BaTi 

2 0 3 . A 12 0 3 -T i ClSffil^iti^S. 

[0 0 2 7] *l£W«)5»«tt*«IK:fflV»4fi5J|«tt* 
I#St|l;(iN i oil: 1 o~4 0^>^x hn- 

&<DCoo£mm\stz2mmmi£m-?z><, z\co2mm 

[0 0 2 8] N i 0«g|ffW±[SBIi. 1 0 0 0^">^X 
h o-AT$5, — 2f. N i Olti©)?5©T^«#lCfe 

-5 1 0 0^->^X hD-Aa±iT-5C:i:*tJf$b^o 

liM^ i o o ~ 3 o o t; i n^it^ c t 

J& (MB E) ^©3rSn?f?3. g*fc. SStL-Ttt, # 
7X, Si. MgO. A] 2 0 3 , SiC, G a A s . 
7i7-f h, CaTii0 3 , B a T i 2 0 3 . A 12 0 

3 -T i Cl$fflWCt«t5. 

[0029] xminm&nmK.m^&m&itawmt 
mz^m^nts.^, mfcmziz* Fe. ni, co. 

Mn. Cr. Dy. Er. Nd, Tb. Tm. Ge. G 

tliLTIi. «MFe-S i . Fe-Ni, Fe-C 
o. Fe-Gd, Ni-Fe-Co, Ni-Fe-M 
o. Fe-Al-Si (ir>yxh), Fe-Y. Fe 
-Mn. Cr-Sb. Co^7tJl'77X, Co-P 
t, Fe-Al. Fe-C. 7x7-f 

[0030] *awT«c:ne.©satt^e>sf?bTfi8 
[0031] *fc. g#tt»ff«atff«*<-r-5::«!:fc: 
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«fc^Tt>*i*<T£5. 0>JxJ£. NiFe$10^>y 
7. hD-i,gS©»SlcT?>i:S73ttiSS#Hk 2 

[0032] £<=>ic ccDct^ftasittfita^itaett 

2 <Hk 2 <Hr tcA««t'5fc«rjHatt*l!t*«*«ft 
BUTT* £££«]: (5 JM*MfcttK3*«*l:» 

* t»« * 9 o a me $ c i ic «t o 0*31 s n * . 

[0 0 3 3] &«tt»Bg«Bg«li, 2 0 0t>nhD 
-A^T*«a*bV». BIJP£2 0 0:*>^Xhn-AlM 

20 £3 0^->^x Nn-AEU:<h-fttfcr, Jgff££g— lc$ 
{LCDA-££^/J\£ < fe D T €2> Z. t fcfen. 

[0 034] use #m. i &nmtM&»mv>%-m\zc o 

Xitc o*£r#£Jf A-r^cifriD. £#*^©^B 
Ctl^TTB, JfAJ»**««*f &«i*lc, SI* 

uwbmmtt£2>. WATzmm<o±mzmzfc\,w. 

30 t. BSMfi*a^*?©»i^ieHlc*(t-5tii^lctXT- 
[0 0 3 5] MIC. Z.<D£.5l3.mfmVi%>&m\Z*S^ 

tR^bfe^»tt«oWBaft^|6jlcs?Sffiitt»JRX« 

it, FeMn. NiMn. N i O. CoO. Fe 
2 0 3 . FeO. CrO, MnO&fiiWSl/K * 
40 fc. MIEfittTIt CoCr. CoCrTa. 
CoCrTaPt, CoCrPt. CoNiPt. Co 
NiCr. CoCrPtSi. FeCoCr ftfWJ 

C r feii^fflV^nTfeS^o 

[0 0 3 6] £Bt1£3M£tt. ftttftKMOttlMBSffti; 

<. #a^jR*ir»ui|£^*#att«:*>5iBi:ajR-rn« 

[0 0 3 7] &W»tbTtt, Au. Ag. Cu, 
50 Pt. Al. Mg. Mo. Zn. Nb. Ta, V. H 
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f. Sb. Zr. Ga. Ti. Sn, P b&RZf£tl*> 
ffl^WSLl>. ^«#ltt#tLTll S i 

0 2 . S i N. A 1 2 O a , Z nO. MgO. T i N£c 
£ R Zf H n 6 KJM ©7c3i£)& JD L fc ©»S L . >„ 

[0 0 3 8] *«MS*<fcD#«tt»«©»3tt. 2 0- 

3 5*>yxhD-A«LH. — jttWKWMM 0 

ftSoTLSK X I? > fc «fc S «SHi***iffi» W tc /h $ 

[0039] »ttxtt#«tt*K©iit«w:. m&mm^- 

fc«fc0«l5rr*£:«t:jG*Tr€ES. JtKoltMtift 
[0 0 4 0] *%BjcDlSMJg;tn^^T^*^T. AX 

[0041] ft**, sjinw^it^Btwaffiictt, art 
[0042] aa^aaissft^^t^ft-rsatt 

*, «tt»JRC!)^ffl-PS*«5 0 0~1 0 0 0*>n h 
P - A Um f~ fc S £ *K 1 £S iC Jftflg b TMfe 

[0 0 4 3] 

[ftUH] *5£W0>«^Si3&*«-?tt, -*©3&atti* 
[0 0 44] si 3 tt*aEWO»affiKS»*«OfP»ISa 

* mm? & b - h ft ir? & -a . 

[0 0 4 5] -$-£*>■&, *56WCttH3t*-rcrt<^ 

«5a*H*«att»«oa*tt«fli h k 2 i-^«ai4» 

80«I*Hr©|l8T*«ig, r&fcS. Hk 2 <H 
[0 04 6] E! 2 f^noa»llli)!M«$fi!l Lfc 



(7) #P¥9 - 5 0 6 1 1 
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<£>„ 

[0047] H2©aaaaft-fe>u— «s«4±t»j« 

^att»j«5 ©±(c. 1 *^ufc«tt»«t 

2. 3M©ait*a^*iass$-&. «swE»«tflc8^ 
^a^nsft^awa&iSig 2 o«<t«a*ifiuc:*t 
t s is t & 5 «t 5 k is jg r * o 
[0048] dots. att^Mstt^^-rss^ait 

*K5K:«tO-*(fijS#tt**^$nT^«. ■?■ IT, 
[0 0 4 9] £C1T. &m.tlRZ£M<t<VJifa 

[0 0 5 0] 0 3t*-r«t5IC, si/H7xsnt«; 

He 2 . &;frftai?-£Hk 2 ttS (0<Hk 2 <H 
r) . ^g|5a^H^H<-Hk 2 ir^S^cXcEP 

JDLT*3< mm (A) ) . Z.<Dt£* att»M2> 3 
20 ©a^|6]t±, HtWiC- (ft) 3r|6HCft.vr.>5. * 
{C^a5a«*^i6T^< t. -Hk 2 <H<Hk 2 (M 

m (b> > \z$>\,*Tmimwk 2 (Dmim+ jj$i\zme. 

U Hk» <H<HrW(S« (C) Ttt, &tt?*K2. 
3 ©afc^ttS^iCi^^fCft-g.,, S(C^g|5a«*A 
f<LfcHr<H0«« (D) T?»4. «tt»«3©«fl; 

*>Eteu &ttffiut2. 3©a^*i6i«+^riflitcflioT 

(&]< o 

[0051] mA^mmmmmym^mco^mwM 

30 [0 0 5 2] B4tt«|*fc:I)t(DJSiaR, mmzffi.ft<V& 
SH^St. B14t^TJ;5(C, ^©^©Jgtixttattiif 
W2. 3fflffl#M&«t^fatC£oT£{tU MUS 
(C) "?«*©(( (Rmax ) £4:5«fc5K:&-&. 
[0 0 5 3] ^fSWtt, ««Jifc:#«tt»it*^ 

r> fi*©l»:att?SSI©«a^$rHc 2 H 
c 2 <HrT»*c:t*<Hf«t-rs«i5Uafita«l*«lT» 
40 5„ 

[0 0 5 4] *«W©S9ft«tt*JI!ttfflV^KMiatt#: 
tt. Ni*{t«±CNi x Co,_ x ^{t;^ (x = 0~ 
0. 9) 4l*ei3 0*>^hP-A»Ilfc2II 

nm&^-rz, NisitteNi, co,_, 

$tftl&£ x = 0 #> £ 0 . 9©$6HTtefiE^<l;^-&l7ii6 
[0 0 5 5] C:tlicj;l3. »fflt,^nt^cFeMn 

50 ©sBwiKfiTi,. m^m^m^mtKD^ 
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[0 0 5 6] NiKftMHIl 1 0 00*>^h 

&ifz>m?>-M o mm<Dm&fr & . Ei##if *n-r-5 die 

to&*&$?.hft3 1 0 0^->yx hP-A^ittSut 

xtf^*->-ffi (MB E) mcm&Tfio, s« 
£ l/Tli. ^7X, Si, MgO, A 1 z 0 3 . G a A 
s . 7i7^F. C a T i 2 O 3 . B a T i 2 O a . A 

1 2 O s -T i C§$iMitmii. 

[0 0 5 7] *f£BjT(±. E&ai4»Miate»Jgi© 
Wi:3*^30t>i/Xho-A©Ni, Fe, CoX 

[0 0 5 8] fcSfiUfTTtt, SSIM«)SIIS^2 
^6 3 0;t>^X hn-Ai:-f 5C£icJ;D,' J t<D±\z 

[0 0 5 9] *«|f3<&«ttSKtcffl^*«tt#©»S 
te. N i , Fe. Co, FeCo, NiFe, NiFe 

coxiiin^o^wsiK cnniD. #ate 
*/ttttJi*raT©fc**^ ©»a©&*#:** < s 

[o o 6 o] ^mamm^mmit. i so^^xhD 

•5. — «tt»g|©J*S©Tlfitt4*fcft^#. 20* 

>yxha-AjuTtt. e»*^©«®tta©a«i**<:*: 

trtWiftO. #ttt>&0<!:ft3,, £»«{!:© 

£ S < ft o -r € * d i fcft 
[0 0 6 1] Sfc. K&«ttg|KfC|*&-r£flBtt&«t© 
fiaatfjtt. *tRfi«6^ffl^6 3 0 OttLTEMtt 
MR tS^tTjSm-r^. d tic J: 0 < -f * d ijjnj 

[0 0 6 2] Sbt:, «tt*«/#«tt»K»lBtC 
o. FeCo, N i CoXtSN i FeCo^JfATSd 
<hfc«t 0, fi#*^05fBf«aW***±ffb. 
fcJ6tt£fc*»*£ta«lllBT?*s. J?AT3AIJ¥©T 



(8) 9 - 5 0 6 1 1 
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©±IStt<&K&^j&<. 3 0t>i/Xha-Agi#Si 

[0 0 6 3] «ttjwn«. att*iiiao««ffls^ffl 

n^B^tt*#-5fea6ICCu. Au. Ag, Ru. Re 
[0 0 6 4] *5EW(C*Slt*«E<t«j5»«tt»l!t 

[0 0 6 5] *5!^©fiS^ffita^*^tC*5ViT. £38 
S9S«ttJB/«ttJf/#attJB/«ttJB/#« 

©#$?*bl/*. 
[0 0 6 6] H£WC. *fEW©l82USSi8&** : F-©l<Iia 
fc*©W*. £3SH»14»/J8 1 <OW& 

20 &m/&m/&m/m 2 ©^a^Ji ^ s fc*«»i6eta&s 

tti/Col/^2©Mttl*eft:5 aSCJgin^* 
?CfiV>T, S9S«tt»**N i lMb»/Co»fl:tt©2 
mmftBUO, do, NiittWlOnmKiT 
£0, fti>^o, CoSKt#ll&/S#0. 3^e>3. On 

t>N iB6{t»/Co»ft*2)BR©*^^©tt. Co 
gHt^Jf ©tt-^i:: «t 0 dnitB»r?»m 1 ©attH ©# 

31 SIT © R - H ttigLL© t X 7" U ->X Ji^SEf -5 i I^IHf 
!CMRit^*i±-r-5fcise)t?S-5. <T©fi§S, Ni^tlt 
©N ilW (N iK^Sfc+OK^*) #0. 3~ 
0. 7mui, SfcCoBMttt4MZ>CoJK ; Fa:/ 
(CofB^+OM^SSO fr'O. 3-0. 7T-$>-5Ci 

l^Xt^JHfiT*5Itii«ISL^. Cinti. Co 

40 *<t*Ji*«^tf^;Hjlifiot^t:saiattJi^6« 1 © 

i^'5SUIfclS*t«fc-Bt)©T?*-5. Ni*{t«l/Co* 
fbfe2)i^©«ffifi$tt, lOnmKTTWuWii 
StK cnti. affia*3&tl 0nm^±T?ttfBlO!fi 
att«©«7lii±lc i 0 H^fctn^*^© t X 7- U 
->X^ifA-r^/ti*T^^o $lM$2«ittM)t 
N i FeXttN i F e Co$i^inW56S 
Cii«8Sl/K $6(c«, SBl©»«ttH*«Co*3E 
«»tr***». » 2 ©SftattlB^N i FeX^N i F 
50 eCo$M»in#«ffl^5uifctt5. #68 
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ffitfCtePd. Al. Cu, Ta. In. B. Nb, H 
f . Mo, W, Re. Ru. Rh. Ga. Z r , Ir. 
Au. A g 4i JBt 5 i ,!: ICi 0 ittt!)%±t 5. # 

2>#n*m^2>z.tipm$iL\,\ ^nt±. cu. Agx 

tt A u * m << > fc t # t C ift ^ M R it £ n -5 fc 66 T & 
•5,, ^BttiCAgSlOCuXttReSlDCuSij*^ 

ttiOC uI^©tt»i;ltSltSCfc6T?ft«. &ffi&ttJf 
«t»ttl~l Onm. StTit^teO. l-Um. *| 
ttl UUff tt 2 ~ 3 n m. R&S&ttlf SH/lte 1 0 ~ 7 0 n 
mT°$>ZZt&m£ LH. Cnti. ttffittJWBtJP& 1 0 
nmJi(.Ti:-rsc:<i:(C±0^1 tig 2 0#jffltgW(D» 
R-Hfffii&i±©/7DXtfK> hiiB£& 

BIS $ ** C i fc «fc 0 ffi IB«tt»^ Zft L TP 0 £• o 

©«fflc**ct*ia*uvi. intern 2 »B&i£ii©s& 

ffcllllE^-KiSiilC&SifcJ&fc. $2<Z>ttl8'|£j|<Z)ft 

A ? if > J -f X"©%£ 5 a6T* § „ 

[0 0 6 7] 

[0068] ant *5sw©a$tia3ft«ft*flt*«6ffl l, 

[0 0 6 9] ±iELfc<fc^tC. ffl^UStfrfe >U— tt. * 

2, 3*#u z.tit><vmm-?z>m&mm2, 3v>mz 

[0 0 7 0] t$HBftgl9It±. H^jOT^TffOo 

[0071] ^(c. *«w©a«sgta**itRtjt-€-o« 

[0 0 7 2] ttHT. *5£M©»a^rt3a** : f : »COH 

[0 0 7 3] *»0^^iifflL/t->-^KS^i:bT 
tt. 02 5&tf02 6©«fc5&«2©fc©£ffi^£;:<!:# 

[0 0 7 4] 02 5 TVitmmi 1±\ZT'>-)1 

FBI 2. T*t»^Hl3 RtflftSUafii^S*^ 1 6 



(9) iW9-5 0 6 1 1 
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p r hi: «fc 0 a° ^ - >*t s c: <t t >. mmm. 
M*f 1 6(i. pRxmiz£vm%ts.*:%2Bmzrt 

_h(C_h^-v-y7ll 1 8. Jiv— JI/KB1 9 

[0 0 7 5] 026 ©3"TyTtt*fi 1 1 ±(CT~>-^ 
KI12. T** v 1 3 Rtffi&tUatfH&SSfrF 1 6 
10 T->-Jl/HSl 2tt. aiSifcfcSSKP 

16lt PRIgiCJ:9MS&*££ffimiCA^ 

7X11 4RtfT«iIl 5*tJIB^»g$nT^-5„ ^ 
ffl±l:±^+7yii 8, ±->-^FHl 9 

[0 0 7 6] 0 2 5R^0 2 6(75^^^©. T~>— J!/ H 
JfibTW:, NiFe, Co2r|^, FeAlS 
i. iltMM^^ffll^Ct^'Tt, J»ff«0. 5 
20 ~1 0 iLm<Di&m-vmm'*]f&T&Z>o T^r-y^i, 7 
;U5±£W£t>, S i0 2 . ^k7;i/5--i7A. SSffcv 
U3>##jfffilirfJgT*5. 0. 0 3-0. 2 0/tm« 
aTOffiffl^ISU^. Ttlttttt. Zr. Ta. 

h«o. oi~o. i o umifi^. mrt-frxmtv 

Ttt. CoCrPt. CoCr, CoPt. CoCrT 
a. FeMn. NiMn. Niftt, NiCoitt 

tt. s i o 2 . tftr^s^fA. gft^u 

30 3>*^igffiBl^gTa&-5„ 0. 0 0 5~0. 0 5(im« 
iWffiffl^ISlK i^fy/li. 7^5^". S i 

0. 0 3~0. 2 0nmflT©gffi^ISL 

[0 0 7 7] 0 2 7 RtfH 2 8 tt. *»MfCfflHfc»a 

jastaa^sis^oBiflifiicww^HT**. 02 7©^ij«, 

TilfeJl 2 1 ±(CN i ^ttlB 2 2 , C oSfftttJf 2 3 . 
* 1 3S«ttJB 2 4 . I1MRX/A/X12 5, «tt 
126, S2MRI>A>XI2 7, «2Mttf2 8 

40 2 9 zmimm Ltzmmx-b d . i2 8®« 

tt, Ttli2 1±l32«ttI2 8, ^2MRX>/N 
>XI2 7, *ffiStt)12 6, ilMRI>A>X|2 

5.^1 &w.&m 2 4 , c omitmm 2 3 . n i 

122, «J:^flM 2 9 £ti-fc«jiT$> 

[0 0 7 8] ZLOBS, »15S«ttliiLTl4N i Fe. 
NiFeCo. CoZrltJfl, FeCoB. -fe>^X 
h. SE{t«**f». FeCofSMW;t«^5. 
lfttl~10nmiS^IJLK jfilMRI>A> 
50 XltLTttCo, NiFeCo. FeCofSffiV^ 
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SlMRX>A>XlSffl^^H ffl^fc*^^ 

B-rsffssscttfiara- Mttituncu, c u 

1:1-2 O a t Kg«<0Ag£*flnUfc*t$k Cul:i 
-2 0 a t XgflE©Re*j6JpUfcWfl-ftffll^^t*« 
T#^o mm\t. 2-3nm^SJLK S2MRX/ 
A>^ItbtttCo, NiFeCo, FeCo^ffl 

»^lCJt^T*^MRJfaWKTr***. ffl^fc^#JW 

NiFe, NiFeCo, CoZr ^#£h FeCo 
B, -tr>5^K ftftttXtttt. FeCoWfflW: 

1 2 attH^N i F e XteN i F e C o 
fCLfc#**CD«^fctt, Tttl^Ta, Hf, Zr^f 

c c *at* w-ratrntcT £ - t £<fc 0 > « 1 xra#§ 2 

Ta> T i^63tt*^-^©»t«X»4SSft:». C 
lu Au, Ag, Ta, Hf, Zr, Ir, Si, P 

u tl cr, au c*>e&*$0k--:7\ xti^n 

[0 0 7 9] 

[0080] mmmi) Bitiw, i^lt^ 

7Xl«4$fflK Xa8I©^l:Aft, 10- T Tor 
rfr£TJ(£3l^£fr? 0 S«ffliS*£iBfc:«t3. Tffi 
1^100*>^hD-A, NiMn»K2 0 0^ 

[0 0 8 1] ±E<o < k5teft»"CXKMe^lll*»**. 

2 7 ot:ST*«S«^Ji#$it> lOWSSftM 

FeBlE^ffifil, ^7XlSt?ffC4 0 0 Oe 

^a)K3isKOB-Hanfts«3t'rst, ««+a»B3jp* 

[0 0 8 3] fit, &Tfc«f AI»?»4, ^2. 

[0 0 8 4] &;b\ 0J*.tfZ r (10 0) /NiMn 
(2 0 0) /NiFe (6 0) /Cu (2 5) /N i F 
e (6 0) ta^Snx^S*^ l«il:ZriRS 



(10) 9 - 5 0 6 1 1 
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100^/^XhD-A, N i Mnite 2 0 0 ^f>^ 

8 0%-Fe 2 0%<£<&£fflB£, 2 5^/^XhD-A 
»CDCu*$L 60t>^hP-A»©Ni 80%- 
F e 2 0X©»Kt«*flaitSCttliftt«. 
[0 0 8 5] Htffc©HJ£tt. S»tt»ffl«*tHCJ:0ff 
ofc. JftttSUttt* tt»3^6 1.0X1 0 mm 2 ©Jgtt 

£fc*<fc3fc*H:J-fcj&*S. - 500-500 OeST 

R/Rte> ft^JSattSRoax , «/MfiSt«S:Rnin <h 
U TEOftlSCfciOtHICUfc. 

[0 0 8 6] 

HgCl] 

AR Rinax -Ruin 

= X100 C%) 

R Ruin 

flsRL&AlflHPtt 
20 1 . g 1 a s s/T i (10 0) /N i Mn (2 0 0) 
/N iFe (60) /C u (25) /N i F e (6 0) 

2. glass /H f (100) /NiMn (200) 
/NiFe (6 0) /Cu (25) /NiFe (60) 

3. glass/Zr (100) /N i Mn (2 0 0) 
/NiFe (6 0) /Cu (25) /NiFe (60) 

4. g 1 a s s/Y (10 0) /N i Mn (2 0 0) / 
NiFe (6 0) /Cu (25) /NiFe (60) 

5. glass/Cr (100) /NiMn (2 0 0) 
/NiFe (60) /Cu (25) /NiFe (60) 

30 6. glass/Ta (100) /NiMn (2 0 0) 
/NiFe (60) /Cu (25) /N iFe (60) 

7. glass/Ti (100) /NiMnCr (20 
0) /NiFe (60) /Cu (25) /NiFe (6 
0) 

8. glass/ZrHf (100) /NiMn (20 
0) /NiFe (6 0) /Cu (25) /NiFe (6 
0) 

9. glass/Hf (100) /NiMnCr (20 
0) /NiFe (6 0) /Cu (25) /NiFe (6 

40 0) 

10. glass/Zr (100) /NiMnCr (20 
0) /NiFe (6 0) /Cu (25) /NiFe (6 
0) 

11. g 1 a s s/Y (100) /NiMnCr (20 
0) /NiFe (6 0) /Cu (25) /NiFe (6 
0) 

12. glass/Cr (100) /NiMnCr (20 
0) /NiFe (60) /Cu (25) /NiFe (6 
0) 

50 13. glass/Ta (100) /NiMnCr (20 



(11) 
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0) /N i Fe (60) /Cu (25) /NiFe (6 
0) 

14. glass/ZrHf (100) /NiMnCr 
(200) /NiFe (6 0) /Cu (2 5) /NiF 
e (6 0) 

TifcHftTi. Hf. Zr, Y. Cr, Ta. 
ZrHfttSiiCiO. 2. 8. 3. 2, 3. 0, 
2. 5. 2. 4, 2. 6. 3. 3 %©Jgiag{fc##5 
tl, f c t«Jft~» : p«»S*«>©fc J Bett«HBI»4 2 7 
Ot©illS«l:»LT, ^tlftl, 12, 8, 1 10 
0. 15, 16. H^TSot. NiMnlCC (^ 

1ft 2 7 OtOMIiSgCWlT, 2~6B$ffl(C«'>b 
7c, N i MnCC r ftfebBT-5 £ 01f*tt 

*»*L<|fll±L. -toanfrttSfiT? 1 5^SK-tM.«t> 
Wfc. K(C. (NiFe) /#««)■ (Cu) 

^•fflf'C oSH A-T^^tlC^O. 4. 5%SSOgtr[ 
IWf?»tlfc. ^©AXte^BI (No. 1) CDB- 

20 

[0 0 8 7] 05 UWtmzM/M s («<t/»ft«ft) 

which («8*©^s) &s-r*«M©»a«tftsa 

IIOB-HllT*5. 0 6tt$£lft}CMR (Jgiftgfl; 

ft$^IK©M-Rfiiiirr<&-5. 

[0 0 8 8] unbCAlMSPR (7*h^77 
Y— ) IgCiO 1 ~3 wmX 2 /jmi:;t^-->^ 
U CoPtCrRT*tKftT4^iC.kD. -MX 
flt/hS < . If ag»tt»T?B««&R Hi**int. 

[0 0 8 9] (H^0iJ2) S«ibT^^X«1S4ftffl 30 
t>. M£t£&<DWZ\n, lO-'Tor r^Sf^l 

**ff mmumz^uim-z, Nio$3oot> 

^XhD-A, CoOH^10~40t>^hD- 

ftis$i-r*. 

[0 0 9 0] ^«ttft#:Wfctt. *7XISIit;Nd 
FeBlBfflt. «7Xl1St?lTlc4 0 0 Oe 

fa^'AX&^N i F em<DMim%ttl£tiZ>o 40 
[0 0 9 1] ^bT. JJlTiC^f AljSfltt, ift2. 
2 ~ 3 . 5 ;t>^X h D-A/#OfiEMii*TrfiKI»ftff 

[0 0 9 2] 0iJA«"N i O (3 0 0) /CoO 

(10) /NiFe (100) /Cu (25) /NiF 
e (10 0) £^SftTV>£«&. »S±(CN i 
1^3 00t/WhD-A, CoOflSlOt^ 
XhP-A«ilTgMti$f)SL^. 100^ 
>^hD-AON i 8 0%-F e 2 0 %©£•&$$!, 
2 5;f>:7*X FD-Af©C u}$Bt. 10 0^>^Xh 50 



#M^9 - 5 0 6 1 1 
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a-AffflN i 8 0%-F e 2 0 %©»8lftillS:&fi)c«gt- 

[0093] ttfcom&s. h^ji trassciejfiL. 

J6StfMfc¥AR/R. «AJtiftffiftRoiax . 
ftRmin ft& 1 ©SCtC «t 0 WcW-Ltz. 
[0 0 9 4] ftmLfz AXfeTlt 

1. g 1 a s s/N i O (3 0 0) /CoO (1 0) / 
NiFe (100) /Cu (25) /NiFe (10 
0) 

2. gl ass/NiO (300) /CoO (20) / 
NiFe (100) /Cu (25) /NiFe (10 
0) 

3. glass /NiO (300) /CoO (40) / 
NiFe (100) /Cu (25) /N i F e (10 
0) 

4. glass /NiO (300) /CoO (10) / 
NiFe (90) /Co (10) /Cu (25) /Co 

(10) /NiFe (100) 
T**. #«8te)f JSft 2 5*>ifZhU-AtTZ>££ 
\Z£D3. 8 XStf©Jtttt*fl:*)9»#5tl, ffiSttH (N 

i Fe) «ttlf (Cu) #MfCCoftl?A-f&C.i;K 
<fc!3. 6*©i6tfi£ft*ai»SftJfc. ifc. CoOIJ! 
£2 o*ytrx ha-AtTZztiz^o, isooe 

um<D&Wim&m&t>m*>ntz, roAi^i (n 
o. i) ©B-HEffi^tsi^M-Rta^n^n^nH 

7, 8©<£?iC&<5. un^WAI^ISPR 
XgtCj;0 1 ~2 MmX 2 «mtc;1^-->i/b. Co 
P t C rMTWKffr^CtfCtD. kXf'JyX;!)! 
/h£<, AVl^/\^if>y-f X©&^R-Hft*iift*ffil^ 

[0 0 9 5] 07 ««WiCM/M s (flWt/JBftlBfl:) 

ft. mmzH mx-o&z) ssr+sswoasufttfta* 

*) ft. StUijJCH £*-r*5£W©«»J8 
MMIOM-RWTfeS. 

[0 0 9 6] jfcc. *5BW©«Si6tfB»*Blfttf-?-©» 

m5m<D$mw\z^T®m-rz>. 

[0 0 9 7] l«tLT^7XSl4^ffl^gIffl 
tNcAtt. 10- 7 Tor r^S-e^lt&frp. 
ias^ia~3 0 0t:i;^, n i KftJKft l 0 0~6 

0 0^>^XhD-A, CoRflJItXttN i Comitm 
XttN i CoH{t#II% 1**6 4 Ot^XhD-A 
©J¥£-eflMU ^T8B1£H (NiFe. Co. Fe 
Co. N i Co. N i F eCo) ftj&8g-f&. 
[0 0 9 8] ±BB©.fc'5fc£fi~3 0 0"CT5E»»^fll 

[0 0 9 9] -g-LT. aTfC^TAXt&^jffitt. iftfbM 
K3JH»ttfltfc:?lr>Tttl. 0-1. 4t>yxhD-A 
/#. «tt»itR«#«tfe?M)lk:ot»-Ctttt2. 2~ 
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/Co 

[0 10 0] «AtfN i O x (3 0 0) /Co O 

y (10) /NiFe (60) /Cu (25) /N i F 

e (6 0) tissntv^i^ ss±tcN i o x m 

K3 0 0t>^XhD-A, CoO y »10t> 

hP-AOON i 8 0%-Fe 2 0%<£>£^fflK, 
2 5t>^hD-Af©Cu»I, 60t>^XhP 
-AJPCDN i 80%-Fe20 Kjtlll £ 10 

[0 10 1] fp»L/fcXfcf>A;U^|»€:etT(C*'r. 
[0 10 2] 1. JfBttlCu 

(a) N i O x /CoO y ^1t>^;U 

i. glass/NiO x (150-5 0 0) /CoO 
y (1-40) /NiFe (20-150) /Cu (8 
-4 0) /NiFe (2 0- 1 5 0) 

(b) N i O x /N i CoO y %V>7ll 

i. glass/NiOx (1 5 0-5 0 0) /N i 

0. , C o o. 9 O y (1-40) /N i F e ( 2 0 - 1 5 20 
0) /Cu (8-40) /NiFe (20 — 150) 

ii. glass/NiOx (1 5 0-5 0 0) /N i 

o. 3 C o 0 . 7 O y (1-40) /N i F e (20-15 
0) /Cu (8-4 0) /NiFe (20-150) 

iii. g 1 a s s/N iO x (1 5 0- 5 0 0) /N i 

o. 5 C o 0 . 5 O y (1-4 0) /N i F e (2 0-15 
0) /Cu (8-40) /NiFe (2 0- 1 5 0) 

iv. glass/NiOx ( 1 5 0-5 0 0) /N i 

o. 7 Coo. 3 O y (1-40) /NiFe (20-15 

0) /Cu (8-4 0) /N i F e (2 0- 1 5 0) 30 

v. glass/NiOx (1 5 0- 5 0 0) /N i 

o. 9 Co 0 . i O y (1-4 0) /N i F e (20-15 
0) /Cu (8-40) /NiFe (20-150) 

(c) N i Ox /N i CoOy ^SM^It >7Vl/ 

1. glass/NiO x (1 5 0-5 0 0) /N i 

O. 9 COO. 1 Oy (3) /N i O. 7 COo. 3 Oy (3) 

/N i o. s C o o. s Oy ( 3 ) /N i o. 3 C o o. 7 Oy 
(3) /NiFe (2 0-1 5 0) /Cu (8-40) 
/N i F e (2 0- 1 5 0) 

ii. glass/NiO x (1 5 0-5 0 0) /N i 40 
o. 9 Coo. . O y ( 3 ) / N i o. 7 C o o. 3 O y (3) 
/N io.s C00.5 O y ( 3 ) /N i o. i C o o. 9 O y 

(3) /NiFe (2 0- 1 5 0) /Cu (8-40) 
/NiFe (2 0- 1 5 0) 

iii. glass /Ni O x (150-500) /Ni 
o. 9 C o o. i Oy ( 3 ) /N i o. 7 C o o. 3 Oy ( 3 ) 
/N i o. 3 C o o. 7 O y (3) /N i o. « Co 0 . 9 O y 

(3) /NiFe (2 0-1 5 0) /Cu (8-40) 
/NiFe (20-15 0) 

iv. glass/NiOx (1 5 0-50 0) /N i 50 
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o. 9CO0. 1 Oy (3) /N i O. 5 C00.5 O y (3) 
/N i o. 3 C Oo. 7 O y (3) /N i o. , C o 0 . 9 O y 
(3) /NiFe (2 0- 1 5 0) /Cu (8-40) 
/NiFe (2 0- 1 5 0) 

v. glass/NiOx (1 5 0-5 0 0) /N i 

0. sCoo.sOy (3) /N i o. ? C00.3 O y (3) 
/N i a 3 C Oo. 7 O y (3) /N i o. . C o G . 9 O y 

(3) /NiFe (20-150) /Cu (8-40) 
/NiFe (20-150) 

vi. glass/NiOx (1 5 0-5 0 0) /N i 

o.s C00.5 O y (3) /N 1 O. 9 C O O. 1 Oy (3) 

/N i o. 3 C Oo. 7 Oy (3) /N i o. 1 Co 0 . 9 O y 
(3) /NiFe (20-150) /Cu (8-40) 
/NiFe (2 0- 1 5 0) 
2. Bttt>->^lCo 

(a) N i O x /C oOy 2S*y->?> 

1. glass/NiOx (1 5 0-5 0 0) /CoO 
y (1-40) /Co (20-150) /Cu (8-4 
0) /NiFe (2 0- 1 5 0) 

(b) N i Ox /N i C oO y ^it>^;i/ 

i. glass/NiO x (1 5 0-5 0 0) /N i 
o. 1 Coo. 9 O y (1-40) /Co (20-150) 
/Cu (8-40) /NiFe (20-150) 

ii. glass/NiO x (1 5 0-5 0 0) /N i 

0. 3 Coo. 7 O y (1-40) /Co (20-150) 
/Cu (8-40) /NiFe (2 0— 1 5 0) 

iii. g 1 a s s/N iO x (150 — 500) /N i 
o. 5 Coo. & O y (1-40) /Co (20-150) 
/Cu (8 — 4 0) /N iFe (20-150) 

iv. glass/NiO x (1 5 0-5 0 0) /N i 
o. 7 C Oo. 3 O y (1-40) /Co (20-150) 
/Cu (8 — 40) /NiFe (20-150) 

v. glass/NiO x (1 5 0-5 0 0) /N i 
o. 9 Coo. * O y (1-40) /Co (20 — 150) 
/Cu (8-4 0) /N iFe (20-150) 

(c) n i o x /n i coOy ^mm^y-yji 

1. glass/NiO x (1 5 0-5 0 0) /N i 
o. 9 C Oo. , O y (3) /N i o. 7 C Oo. 3 Oy (3) 
/N i o. 5 Coo. 5 O y (3) /N i 0 .3 Co 0 . 7 O y 

(3) /Co (2 0-1 5 0) /Cu (8-40) /N 
iFe (2 0- 1 5 0) 

ii. glass/NiO x (1 5 0 — 5 0 0) /Ni 
o. 9 Co 0 . , O y (3) /Ni 0 . 7 CO0.3 Oy (3) 
/N i o. 5 C o 0 . 5 Oy (3) /N i 0 . , C o G . 9 O y 

(3) /Co (2 0- 1 5 0) /Cu (8-40) /N 
iFe (2 0- 1 5 0) 

iii. g 1 a s s/N iO x (150 — 500) /N i 
0 . 9 C o 0 . , O y ( 3 ) /N i o. 7 C o o. 3 O y ( 3 ) 
/N i o. 3 C Oo. 7 O y (3) /N i o. . C Oo. 9 O y 

(3) /Co (2 0- 1 5 0) /Cu (8-40) /N 
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i F e (2 0-15 0) 

iv. glass/NiO x (150-5 0 0) /N i 
O. 9 Coo. » O y (3) /Nio.5 Coo.s O y (3) 
/N i o. 3 C o 0 . 7 O y (3) /N io. i C o 0 . 9 O y 

(3) /Co (20-150) /Cu (8-40) /N 
i F e (2 0- 1 5 0) 

v. glass/NiO, (1 50 — 500) /N i 
o. 5 Co 0 . s O y ( 3 ) /N io.? C00.3 O y (3) 
/N i o. 3 C o o. 7 O y ( 3 ) /N i o. i C o D . a O y 

(3) /Co (20-150) /Cu (8-40) / N 
i F e (2 0- 1 5 0) 

vi. glass/NiO x (1 5 0-5 0 0) /N i 

0. s C o 0 . 6 O y (3) /N i o. 9 C o o. i O y (3) 
/N i o. 3 C o 0 . 7 O y (3) /N io., Co 0 . 9 O y 

(3) /Co (20-150) /Cu (8-40) /N 
i F e (2 0- 1 5 0) 
3. #Btt|Au 

(a) NiOx/CoO y %^>7)l< 

1. glass/NiO x (1 5 0-5 0 0) /CoO 
y (1-40) /NiFe ( 2 0 - 1 5 0 ) / A u (8 
-4 0) /N i F e (2 0- 1 5 0) 

(b) N i O x /N i C o O y *U">>01/ 

i. glass/NiOx ( 1 5 0-5 0 0) /N i 

o. i C oo. 9 O y (1-40) /N i F e (20-15 
0) /Au (8-4 0) /N iFe (20-150) 

ii. glass/NiO x ( 1 5 0- 5 0 0) /N i 

o. 3 Coo. 7 O y (1-4 0) /NiFe (20-15 
0) /Au (8-4 0) /N iFe (20-150) 

iii. g 1 a s s/N i O x ( 1 5 0-5 0 0) /N i 

o. 5 C oo. s O y (1-40) /NiFe (20-15 
0) /Au (8-40) /NiFe (20-150) 

iv. glass/NiO x ( 1 5 0-5 0 0) /N i 
o. 7 Co 0 .30 y (1-40) /NiFe (20-15 
0) /Au (8-40) /NiFe (20-150) 

v. glass/NiOx (1 5 0- 5 0 0) /N i 

o. 9 C Oo. i O y (1-40) /NiFe (20-15 
0) /Au (8-40) /NiFe (20-150) 

(c) n i Ox /n i coo y ^mm^yyji 

i. glass/NiOx (1 5 0-5 0 0) /N i 
o. 9 Co 0 . 1 O y (3) /Ni 0 . 7 Co 0 . 3 O y (3) 
/N i o. 5 C Oo. 5 O y (3) /N i 0 .3 C o 0 . 7 O y 

(3) /NiFe (20-150) /A u (8-40) 
/N iFe (2 0- 1 5 0) 

ii. glass/NiOx (1 5 0- 5 0 0) /N i 
o. 9 Coo. 1 Oy (3) /N i o. 7 C oo. 3 O y (3) 
/N i o. 5 C oo. 5 Oy (3) /N i 0 .i C o Q . 9 O y 

(3) /NiFe (20-150) /A u (8-40) 
/NiFe (2 0- 1 5 0) 

iii. g 1 a s s/N i O x ( 1 5 0-5 0 0) /N i 
o. 9 C Oo. 1 O y (3) /N i o. 7 C Oo. 3 O y (3) 
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/N i 0 .3 Coo.? O y (3) /N i o. 1 Coo. 9 O y 
(3) /NiFe (20-150) /A u (8-40) 
/NiFe (2 0- 1 5 0) 

iv. glass/NiO x ( 1 5 0-5 0 0) /N i 
o. 9 Co 0 .iOy (3) /N i 0 .5 Co 0.5 O y (3) 
/N i o. 3 C Oo. 7 O y (3) /N i 0 ., C o Q . 9 O y 

(3) /NiFe (20-150) /A u (8-40) 
/NiFe (2 0-1 5 0) 

v. glass/NiOx ( 1 5 0-5 0 0) /N i 
10 o.sCoo.sOy (3) /N i o. 7 C00.3 O y (3) 

/N i o. 3 C o 0 . 7 O y (3) /N i o. 1 C o 0 . 9 O y 
(3) /NiFe (20-1 50) /A u (8-40) 
/N iFe (20-150) 

vi. glass/NiOx (1 5 0-5 0 0) /Ni 
o. 5 C Oo. s O y (3) /N i o. 9 Coo. t O y (3) 
/N i o. 3 C Oo. 7 O y (3) / N io., C o Q . 9 O y 

(3) /NiFe (20-150) /A u (8-40) 
/NiFe (2 0- 1 5 0) 
4. #«tt»Ag 
20 (a) NiO x /CoO y ^>7J1/ 

i. glass/NiO x ( 1 5 0-5 0 0) /CoO 
y (1-40) /NiFe (2 0-1 5 0) /Ag (8 
-4 0) /N iFe (2 0- 1.5 0) 

(b) N i O x /N iCoO y 3£+J->>Ol/ 

i. glass/NiOx (1 5 0-5 0 0) /N i 

o. , Coo. 9 O y (1-40) /NiFe (20-15 
0) /Ag (8-40) /NiFe (20-150) 

ii. glass/NiO x (1 5 0-5 0 0) /N i 

o. 3 Coo. 7 Oy (1-4 0) /N iFe (20 — 15 
30 0) /Ag (8 — 4 0) /N iFe (20-150) 

iii. g 1 a s s/N i Ox (1 5 0-5 0 0) /N i 

o. 5 C Oo. 5 O y (1-4 0) /N iFe (20-15 
0) /Ag (8 — 4 0) /N iFe (20-150) 

iv. glass/NiO x (1 5 0-5 0 0) /N i 

o. 7 C Oo. 3 O y (1-4 0) /N iFe (20—15 
0) /Ag (8-40) /NiFe (20-150) 

v. glass/NiOx (1 5 0-5 0 0) /N i 

0. 9 C oo. 1 O y (1-40) /NiFe (20-15 
0) /Ag (8-4 0) /N iFe (20-150) 

40 (c) N i Ox /N i CoO y 4rmWfcVy7)V 

1. glass/NiO x (1 5 0-5 0 0) /N i 
0.9 Coo., O y (3) /N i o. 7 C Oo. 3 O y (3) 
/N i o. 5 C Oo. 5 Oy (3) /N i o. 3 C o 0 . 7 O y 

(3) /NiFe (20-1 50) /A g (8-40) 
/NiFe (20-150) 

ii. glass/NiOx (1 5 0-5 0 0) /N i 
o. 9 C Oo. , O y (3) /N i o. 7 C Oo. 3 O y (3) 
/N i o. 5 C Oo. 5 O y (3) /N i o. 1 C o 0 . 9 O y 
(3) /NiFe (20-150) /A g (8-40) 
50 /NiFe (20-150) 
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iii. g 1 a s s/N iO x (150 — 500) /N i 
o.9Co 0 .,O y (3) /N i o. 7 C o 0 . 3 O y (3) 
/Nio. 3 C o 0 . 7 O y (3) /Nio., C o G . 9 O y 

(3) /NiFe (20-150) /Ag (8-4 0) 
/N iFe (20-15 0) 

iv. glass/NiO x (1 5 0-5 0 0) /N i 
o. 9 Co 0 . i O y ( 3 ) /N i o. s C00.5 O y (3) 
/Nio.3 C o 0 . 7 O y (3) /N i 0 ., Co 0 . 9 O y 

(3) /NiFe (20-150) /A g (8-40) 
/NiFe (2 0- 1 5 0) 

v. glass/NiO x (1 5 0-5 0 0) /N i 
o. 5 C o o. s O y ( 3 ) /N i o. 7 C o o. 3 O y ( 3 ) 
/Nio.3 Coo. 7 O y (3) /Nio., Co 0 . 9 O y 

(3) /NiFe (20-150) /A g (8-40) 
/NiFe (2 0- 1 5 0) 

vi. glass/NiO x (1 5 0-5 0 0) /N i 

0. 5 C o o. s O y (3) /Ni 0 . 9 Coo. i O y ( 3 ) 
/N i o. 3 C o 0 . 7 Oy (3) /N i o. , C o 0 . 9 O y 

(3) /N iFe (2 0-1 5 0) /Ag (8-40) 
/NiFe (20-15 0) 
5. #8ftiRu 

(a) N i O x /CoOy JfkV>7)l 

1. glass/NiO x (1 5 0-5 0 0) /CoO 
y (1-40) /NiFe (20-150) /Ru (8 
-40) /NiFe (2 0- 1 5 0) 

(b) NiO x /Ni CoOy Jfrtr>7)\, 

i. glass/NiO x (1 5 0-5 0 0) /N i 

o. , Co 0 . 9 O y (1-40) /N iFe (20—15 
0) /Ru (8-40) /NiFe (20-150) 

ii. glass/NiO x (1 5 0-5 0 0) /N i 

o. 3 C o o. 7 O y (1-40) /N iFe (20—15 
0) /Ru (8-40) /Ni Fe (20-150) 

iii. gl ass/NiO x (150 — 500) /N i 

o. 5 Co 0 . 5 O y (1-40) /NiFe (20-15 
0) /Ru (8-4 0) /NiFe (20-150) 

iv. glass/NiO x (1 5 0-5 0 0) /N i 

o. 7 C o 0 . 3 O y (1-40) /N iFe (20-15 
0) /Ru (8-40) /NiFe (20-150) 

v. glass/NiO x ( 1 5 0-5 0 0) /N i 

0. 9 Coo. , O y (1—4 0) /N iFe (20 — 15 
0) /Ru (8-40) /NiFe (20-150) 

(c) n i o x /n i CoOy &mm^>~7)i 

1. glass/NiOx (1 5 0-5 0 0) /N i 
o. 9 C o 0 . i O y (3) /N i o. 7 C o o. 3 O y (3) 
/N i o. s C oo. s O y (3) /Ni 0 . 3 Coo.? O y 

(3) /NiFe (2 0- 1 5 0) /Ru (8-40) 
/N iFe (2 0- 1 5 0) 

ii. glass/NiO x (1 5 0-5 0 0) /N i 
o. 9 Co 0 . , O y (3) /N i o. 7 Co 0 . 3 O y (3) 

/N i O. 5 C OO. 5 Oy (3)/Ni ai C00.9 Oy 
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(3) /NiFe (20-150) /Ru (8-40) 
/NiFe (2 0- 1 5 0) 

iii. g 1 a s s/N i O x (1 5 0-5 0 0) /N i 
o. 9 Co 0 . i O y (3) /Ni 0 . 7 CO0.3 O y (3) 
/N i o. 3 Co 0 . 7 Oy (3) /N i o. , Co 0 . 9 O y 

(3) /NiFe (20-150) /Ru (8-40) 
/N iFe (2 0- 1 5 0) 

iv. glass/NiO x (1 5 0-5 0 0) /N i 
o. 9 Co 0 . . O y (3) /Nio. 5 Co 0 . s O y (3) 

10 /Nio.3 C o 0 . 7 O y (3) /N i 0 . , Coo. 9 Oy 
(3) /NiFe (2 0-1 5 0) /Ru (8-40) 
/N iFe (20-150) 

v. glass/NiO x (1 5 0-5 0 0) /N i 
o. s Co 0 . 5 O y (3) /N i o. 7 Coo. 3 O y (3) 
/N i o. 3 C Oo. 7 O y (3) /N i o. i C o 0 . 9 Oy 

(3) /NiFe (2 0-1 5 0) /Ru (8-40) 
/N iFe (20-15 0) 

vi. glass/NiO x (1 5 0 — 5 0 0) /Ni 

0. s C o o. s Oy ( 3 ) /N i o. 9 C o o. i O y ( 3 ) 
20 /Ni 0 . 3 Co 0 . 7 O y (3) /N i 0 . , C o 0 . 9 Oy 

(3) /NiFe (20-150) /Ru (8-40) 
/N iFe (20-15 0) 
6. »ttiRe 

(a) N i O x /CoOy *U->^;P 

1. glass/NiO x (1 5 0-5 0 0) /CoO 
y (1-40) /NiFe (2 0- 1 5 0) /Re (8 
-40) /NiFe (2 0- 1 5 0) 

(b) n i o x /n i c oOy ^>y)v 

i. glass/NiOx (1 5 0-5 0 0) /N i 
30 o. i C o o. s O y (1-40) /N iFe (20-15 

0) /Re (8-40) /NiFe (2 0- 1 5 0) 

ii. glass/NiOx (1 5 0-5 0 0) /N i 

o. 3 Coo. 7 Oy (1—4 0) /N iFe (20-15 
0) /Re (8-4 0) /N iFe (20-150) 

iii. g 1 as s/N iO x (150-500) /N i 

o. s C Oo. s O y (1-40) /NiFe (20-15 
0) /Re (8-40) /NiFe (2 0- 1 5 0) 

iv. glass/NiO x (1 5 0-5 0 0) /N i 

o. 7 C Oo. 3 Oy (1-40) /NiFe (20-15 
40 0) /Re (8-40) /NiFe (2 0- 1 5 0) 

v. glass/NiO x (1 5 0-5 0 0) /N i 

0. 9 Coo. i O y (1—4 0) /N iFe (20 — 15 
0) /Re (8-40) /NiFe (2 0- 1 5 0) 

(c) N i O x /N i Co O y &mW0f&>7)\, 

1. gl ass/NiOx (1 5 0-5 0 0) /N i 
o. 9 Co 0 . , O y (3) /Ni 0 . 7 C00.3 O y (3) 
/Nio.5 Coo. 5 O y (3) /Nio.3 Co G . 7 O y 

(3) /NiFe (2 0- 1 5 0) /Re (8-40) 
/N iFe (20—150) 
50 ii. glass/NiOx (1 5 0-5 0 0) /N i 
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o.9 Coo.i O y (3) /N i o. 7 C o 0 . s O y (3) 
/N i o. 5 C o 0 . s O y (3) /N i o. i Co 0 . 9 O y 
(3) /NiFe (2 0- 1 5 0) /Re (8-40) 
/NiFe (2 0-15 0) 

iii. glass/NiO x (150-500) /N i 
o. 9 Coo. , O y (3) /N i o. 7 C00.3 O y (3) 
/N io. 3 Co o . 7 0 y (3) /N i o. i C o D . 9 O y 

(3) /NiFe (20-150) /Re (8-40) 
/N i F e (2 0- 1 5 0) 

iv. glass/NiO x ( 1 5 0-5 0 0) /N i 
o. 9 Coo. , O y (3) /Nio.5 Coo.5 O y (3) 
/N i o. a C o 0 . 7 O y (3) /N i o. i C o G . 9 O y 

(3) /NiFe (2 0- 1 5 0) /Re (8-40) 
/NiFe (2 0- 1 5 0) 

v. glass/NiO x (1 5 0-5 0 0) /N i 
o. 5 Co 0 . s O y (3) /N i o. 7 C o 0 . 3 O y (3) 
/N i o. 3 Co 0 . 7 O y (3) /N i o. i Co 0 . 9 O y 

(3) /NiFe (2 0- 1 5 0) /Re (8-40) 
/N i F e (2 0- 1 5 0) 

vi. glass/NiO x (1 5 0-5 0 0) /N i 

0. 5 Coo. 5 O y (3) /N i o. 9 C o 0 . i O y (3) 
/N i o. 3 C o 0 . -z O y (3) /N i o. i C o Q . 9 O y 

(3) /NiFe (20-150) /Re (8-40) 
/N i F e (2 0- 1 5 0) 
7. MiCu,., Ag x 

(a) NiO x /CoO y 5RiJ->y;p 

1. glass/NiOx (1 5 0-5 0 0) /CoO 
y (1-40) /NiFe (20-150) /Cu,-* 
Ag x (8-40) /NiFe (2 0- 1 5 0) 

(b) Ni O x /NiCoO y Jk^r>f)V 

i. glass/NiO x (1 5 0-5 0 0) /N i 

o. i C o 0 . 9 O y (1-40) /N i F e (20-15 
0)/Cu,- x Ag x (8-40) /NiFe (20- 
1 5 0) 

ii. glass/NiO x (1 5 0-5 0 0) /N i 

o. 3 C00.7 O y (1-40) /NiFe (20-15 
0) /Cu,-x Ag x (8-40) /NiFe (20- 
15 0) 

iii. g 1 a s s/N iO x (150-500) /N i 

o. s Co 0 . 5 O y (1-40) /NiFe (20-15 
0) /Cu.-x Ag x (8-40) /NiFe (20- 
1 5 0) 

iv. glass/NiO x (1 5 0-5 0 0) /N i 

o. 7 Coo. 3 O y (1-40) /NiFe (20-15 
0) /Cu^x Ag x (8-40) /NiFe (20- 
1 5 0) 

v. glass/NiOx (1 5 0-5 0 0) /N i 

o. 9 Coo. , O y (1-40) /NiFe (20-15 
0) /Cu,- X Ag x (8-40) /NiFe (20- 
1 5 0) 
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(c) Nio x /Ni coo y &mm&'#>7)i> 

i. glass/NiOx (1 5 0-5 0 0) /N i 
o. 9 C Oo. i O y (3) /N i o. 7 C o 0 . 3 O y (3) 
/N i o. s Co 0 . 5 O y (3) /N io.s Co 0 . 7 O y 

(3) /NiFe (2 0- 1 5 0) /Cu,_ x Ag 
x (8-40) /NiFe (20-150) 

ii. glass/NiOx ( 1 5 0-5 0 0) /N i 
o. 9 C Oo. , O y (3) /N i o. 7 C Oo. 3 O y (3) 
/N i o. s C Oo. s O y (3) /N i o. . C o 0 . 9 O y 

10 (3) /NiFe ( 2 0 - 1 5 0 ) / C u ,_ x A g 
x (8-4 0) /NiFe (2 0-1 5 0) 

iii. glass /Ni O x (150-500) /N i 
o. 9 C Oo. i O y (3) /N i o. 7 C Oo. 3 O y (3) 
/N i o. 3 C Oo. 7 O y (3) /N i 0 ., C o G . 9 O y 

(3) /NiFe (2 0-1 5 0) /Cu L _ x Ag 
x (8-40) /NiFe (2 0- 1 5 0) 

iv. glass/NiO x (1 5 0 — 5 0 0) /Ni 
o. 9 Coo.i O y (3) /Nio.s Coos O y (3) 
/N i o. 3 C Oo. 7 O y (3) /N i o. , C o G . 9 O y 

20 (3) /NiFe (2 0-1 5 0) /Cu,_ x Ag 
x (8-40) /NiFe (2 0- 1 5 0) 

v. glass/NiO x (1 5 0-5 0 0) /N i 
o. 5 Coo. 5 O y (3) /Ni 0 . 7 Co 0 . 3 O y (3) 
/N i o. 3 C Oo. 7 O y (3) /N i o. . C o Q . 9 O y 

(3) /NiFe (2 0-1 5 0) /Cu,-x Ag 
x (8-40) /NiFe (2 0- 1 5 0) 

vi. glass/NiO x (1 5 0-5 0 0) /N i 

0. & C Oo. s O y (3) /N i o. 9 C Oo. i O y (3) 
/N i o. 3 C Oo. 7 Oy (3) /N i o. i C o G . 9 O y 

30 (3) /N iFe (20-150) /Cu,_ x Ag 
x (8-40) /NiFe (2 0- 1 5 0) 
8. fflttlCu,. x Re x 

(a) n i Ox /coo y ^it>y;u 

1. glass/NiO x (1 5 0-5 0 0) /CoO 
y (1-40) /NiFe (2 0-1 5 0) /Cu,- X 
Re x (8-40) /NiFe (2 0-1 5 0) 

(b) NiO x /NiCoO y %V>7)1> 

i. glass/NiOx (1 5 0-5 0 0) /N i 

o. , C oo. 9 O y (1-4 0) /N iFe (20-15 
40 0) /Cu,- X Re x (8-40) /NiFe (20- 
15 0) 

ii. glass/NiOx (1 5 0-5 0 0) /N i 

o. 3 C Oo. 7 O y (1-4 0) /N iFe (20-15 
0)/Cu 1 _ x Re x (8-40) /NiFe (20- 
1 5 0) 

iii. g 1 a s s /N iO x (150 — 500) /N i 

o. 5 Coo. s O y (1-4 0) /N iFe (20-15 
0) /Cu,. x Re x (8-40) /NiFe (20- 
15 0) 

50 iv. glass/NiO x (1 5 0-5 0 0) /N i 
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o.tCoo.sOv (1-40) /NiFe (20-15 
0) /Cu,_ x Re x (8-40) /NiFe (20- 
1 5 0) 

v. glass/NiO x (1 5 0-5 0 0) /N i 

0. 9 C Oo. . O y (1—40) /N i F e (20-15 
0) /CUi- x Re x (8-40) /NiFe (20- 
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(3) /NiFe (20-150) /C u,_ x Re 
x (8-40) /NiFe (2 0- 1 5 0) 

ii. glass/NiO x (1 5 0-5 0 0) /N i 
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-150) /Cu (8-40) /NiFe (20-15 
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LAIMS 



'laim(s)] 

'laim 1] The magnetoresi stance-effect film characterized by a part of aforementioned antiferromagnetism thin film 
it least ] being NiMn of fct structure in the magnetoresistance-effect film which is Hc2 <Hr when the 
itiferromagnetism thin film is prepared in the soft-magnetism thin film and while it consists of two or more magnetic 
in films which carried out the laminating through the nonmagnetic thin film and each other is adjoined through a 
>nmagnetic thin film on a substrate sets coercive force of Hr and the soft-magnetism thin film of another side to Hc2 
>r the bias magnetic field of this antiferromagnetism thin film. 

^laim 2] On the substrate, consist of two or more magnetic thin films which carried out the laminating through the 
)nmagnetic thin film, and through the nonmagnetic thin film, while adjoins each other and the antiferromagnetism 
in film is prepared at the soft-magnetism thin film. When coercive force of Hr and the soft-magnetism thin film of 
lother side is set to Hc2 for the bias magnetic field of this antiferromagnetism thin film, The magnetoresistance-effect 
Im characterized by being the two-layer film with which the aforementioned antiferromagnetism thin film carried out 
e 40A laminating of the CoO from 10 on NiO in the magnetoresistance-effect film which is Hc2 <Hr. 
Zlaim 3] The magnetoresistance-effect film according to claim 1 with which Mn atom content of the aforementioned 
iMn alloy is characterized by being 46 to 60% of within the limits. 

^laim 4] The magnetoresistance-effect film according to claim 1 characterized by adding 1 - 10% of carbon (C) into 
ie aforementioned NiMn alloy, and carrying out induction of the fct grid transformation. 

Zlaim 5] The magnetoresistance-effect film according to claim 1 characterized by the aforementioned NiMn alloy 
sing a three-phase-circuit alloy of nickel, Mn, and the selected corrosion resisting material, 
^laim 6] The magnetoresistance-effect film according to claim 1 characterized by the aforementioned corrosion 
listing material being chromium (Cr). 

I!laim 7] The magnetoresistance-effect film according to claim 1 characterized by inserting Ti, Hf, Zr, Y, Ta, Cr(s), or 
lese alloys as a ground layer of Above NiMn. 

^laim 8] The magnetoresistance-effect film according to claim 1 or 2 characterized by the thickness of the 
forementioned nonmagnetic thin film being 20-3 5 A. 

31aim 9] The magnetoresistance-effect film according to claim 1 with which the soft-magnetism thin film which 
djoins the aforementioned antiferromagnetism thin film NiMn and this is characterized by being heat-treated in the 
;mperature of 300 degrees C or less. 

Claim 10] They are Hc2 and an anisotropy field about the coercive force of Hr and the soft-magnetism thin film of 
nother side in the bias magnetic field of the aforementioned antiferromagnetism thin film Hk2 Magnetoresistance- 
ffect film according to claim 1 or 2 characterized by being Hc2 <Hk2 <Hr when it carries out. 
Claim 1 1] The magnetoresistance-effect film according to claim 1 or 2 characterized by the kind of magnetic 
ubstance making a principal component nickel, Fe, Co, NiFe, NiFeCo(es), or these alloys. 

Claim 12] The magnetoresistance-effect film according to claim 1 or 2 characterized by inserting Co, FeCo, NiCo, or 
-3 OA of NiFeCo(es) in the interface of the aforementioned nonmagnetic thin film and a magnetic thin film. 
Claim 13] The magnetoresistance-effect film according to claim 1 or 2 characterized by the direction of an easy axis 
f the magnetic thin film which adjoins each other through the aforementioned nonmagnetic thin film by rotating an 
npression magnetic field 90 degrees during membrane formation lying at right angles. 

Claim 14] The magnetoresistance-effect film according to claim 1 or 2 characterized by for while not adjoining an 
ntiferromagnetism thin film and forming the magnetic thin film into a single magnetic domain using an 
ntiferromagnetism thin film or a permanent magnet thin film. 

Claim 1 5] On a substrate, consist of two or more magnetic thin films which carried out the laminating through the 
tonmagnetic thin film, while adjoins each other through a nonmagnetic thin film, and the antiferromagnetism thin film 
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adjoined and prepared in the soft-magnetism thin film. It is the coercive force of Hr and the soft-magnetism thin film 
" another side about the bias magnetic field of this antiferromagnetism thin film Hc2 When it carries out, It sets on the 
agnetoresistance-effect film which is Hc2 <Hr, and the aforementioned antiferromagnetic substance is Nix Co 1-x on 
ckel oxide film. Magnetoresistance-effect film characterized by being the two-layer film which carried out the 30A 
minating of the oxide film (x=0-0.9) from 1 . 

:iaim 1 6] On a substrate, consist of two or more magnetic thin films which carried out the laminating through the 
>nmagnetic thin film, while adjoins each other through a nonmagnetic thin film, and the antiferromagnetism thin film 
adjoined and prepared in the soft-magnetism thin film. It is the coercive force of Hr and the soft-magnetism thin film 
'another side about the bias magnetic field of this antiferromagnetism thin film Hc2 When it carries out, It sets on the 
agnetoresistance-effect film which is Hc2 <Hr, and the aforementioned antiferromagnetic substance is Nix Co 1-x on 
ckel oxide film. Magnetoresistance-effect film characterized by being the multilayer which was made to carry out 
imposition change of the oxide film in x= 0 to 0.9, and carried out the 30A laminating from 1 . 
:iaim 17] The magnetoresistance-effect film according to claim 15 or 16 characterized by the thickness of nickel 
cide film being 100 to 500A. 

:iaim 18] The magnetoresistance-effect film according to claim 15 or 16 characterized by the composition ratio of O 
nickel in nickel oxide film being 0.5 to 1 .5. 

;iaim 19] Nix Co 1-x Nix Co 1-x in an oxide film (x=0-0.9) Magnetoresistance-effect film according to claim 15 or 
> characterized by the composition ratio of receiving O being 0.5 to 2.5. 

:iaim 20] Nix Co 1-x Magnetoresistance-effect film according to claim 15 or 16 characterized by the crystal structure 
? Co oxidization phase in an oxide film (x=0-0.9) making Spinel structure a principal component. 
:iaim 21] The magnetoresistance-effect film according to claim 15 or 16 characterized by the surface roughness of an 
ltiferromagnetism thin film being 2.0 to 30A. 

:iaim 22] The magnetoresistance-effect film according to claim 15 or 16 characterized by the kinds of nonmagnetic 
in film being Au, Ag, Cu, Ru, Re, or these alloys. 

:iaim 23] On a substrate, consist of two or more magnetic thin films which carried out the laminating through the 
^nmagnetic thin film, while adjoins each other through a nonmagnetic thin film, and the antiferromagnetism thin film 
adjoined and prepared in the soft-magnetism thin film. It is the coercive force of Hr and the soft-magnetism thin film 
f another side about the bias magnetic field of this antiferromagnetism thin film Hc2 Magnetoresistance-effect film 
xording to claim 15 or 16 characterized by the thickness of the aforementioned non-magnetic layer being 20 to 35A 
l the magnetoresistance-effect film which is Hc2 <Hr when it carries out. 

Diaim 24] On a substrate, consist of two or more magnetic thin films which carried out the laminating through the 
onmagnetic thin film, while adjoins each other through a nonmagnetic thin film, and the antiferromagnetism thin film 
: adjoined and prepared in the soft-magnetism thin film. It is the coercive force of Hr and the soft-magnetism thin film 
f another side about the bias magnetic field of this antiferromagnetism thin film Hc2 Magnetoresistance-effect film 
^cording to claim 15 or 16 characterized by the thickness of the aforementioned non-magnetic layer being 8 to 12A in 
le magnetoresistance-effect film which is Hc2 <Hr when it carries out. 

Haim 25] They are Hc2 and an anisotropy field about the coercive force of Hr and the soft-magnetism thin film of 
aother side in the bias magnetic field of an antiferromagnetism thin film Hk2 Magnetoresistance-effect film according 
) claim 1 5 or 16 characterized by being Hc2 <Hk2 <Hr when it carries out. 

Claim 26] The magnetoresistance-effect film according to claim 15 or 16 characterized by the kind of magnetic 
ubstance making a principal component nickel, Fe, Co, FeCo, NiFe, NiFeCo(es), or these alloys. 
Claim 27] The magnetoresistance-effect film according to claim 15 or 16 characterized by the thickness of a magnetic 
lin film being 20 to 1 50A. 

Claim 28] The magnetoresistance-effect film according to claim 15 or 16 characterized by inserting Co, FeCo, NiCo, 
r 1-30A of NiFeCo(es) in the interface of a nonmagnetic thin film and a magnetic thin film. 

Claim 29] The magnetoresistance-effect film according to claim 15 or 16 characterized by inserting Fe, nickel, Co(es), 
r 3 -3 OA of these alloys in the interface of an antiferromagnetism thin film and a magnetic thin film. 
Claim 30] The manufacture method of the magnetoresistance-effect film according to claim 15 or 16 characterized by 
brming the soft-magnetism thin film which adjoins an antiferromagnetism thin film and it as 300 degrees C from a 
oom temperature in substrate temperature. 

Claim 31] The manufacture method of the magnetoresistance-effect film according to claim 15 or 16 characterized by 
otating an impression magnetic field 90 degrees during membrane formation so that the direction of an easy axis of 
he magnetic thin film which adjoins each other through a nonmagnetic thin film may intersect perpendicularly. 
Claim 32] The magnetoresistance-effect film characterized by for while not adjoining an antiferromagnetism thin film 
ind forming a magnetic thin film into a single magnetic domain using a permanent magnet thin film in the 
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agnetoresistance-effect film according to claim 1 5 or 16 with which it consists of two or more magnetic thin films 
hich carried out the laminating through the nonmagnetic thin film, while adjoins each other through a nonmagnetic 
in film on a substrate, and the antiferromagnetism thin film is adjoined and prepared in the soft-magnetism thin film. 
;iaim 33] antiferromagnetism layer / ferromagnetic layer / non-magnetic layer/- the magnetoresistance-effect 
ement which consists of the 2nd ferromagnetic layer — [ of ** a 1st ] It consists of the 2nd MR enhancing layer / the 
id ferromagnetic layer, or an antiferromagnetism layer / 1st ferromagnetic layer / MR enhancing layer / non-magnetic 
yer/— [ of ** a 1st ] In the magnetoresistance-effect element whose Co oxide thickness an antiferromagnetism layer 
the two-layer film of nickel oxide / Co oxide, and nickel oxide thickness is lOnm or more, and is 0.3 to 3.0nm The 
lagnetoresistance-effect element characterized by for nickel atomic number/in nickel oxide (nickel atomic number +0 
omic number) being 0.3-0.7, and Co atomic number/in Co oxide (Co atomic number +0 atomic number) being 0.3- 
7. 

Ilaim 34] The magnetoresistance-effect element according to claim 33 characterized by Co oxide layer being Spinel 
ructure. 

Ilaim 35] The magnetoresistance-effect element according to claim 33 or 34 characterized by the surface roughness 
f nickel oxide / Co oxide two-layer film being lOnm or less. 

^laim 36] The magnetoresistance-effect element of the claim 33-35 characterized by the bird clapper from the 
taterial to which the 1 st and 2nd ferromagnetic layers make NiFe or NiFeCo a principal component given in any 1 
:rm. 

riaim 37] The magnetoresistance-effect element of the claim 33-36 characterized by the bird clapper from the 
taterial to which the 1 st ferromagnetic layer makes Co a principal component, and the material to which the 2nd 
jrromagnetic layer makes NiFe or NiFeCo a principal component given in any 1 term. 

^laim 38] The magnetoresistance-effect element of the claim 33-37 characterized by adding Pd, aluminum, Cu, Ta, 
l, B, Nb, Hf, Mo, W, Re, Ru, Rh, Ga, Zr, Ir, Au, and Ag to a non-magnetic layer given in any 1 term. 
Haim 39] The magnetoresistance-effect element of the claim 33-38 characterized by using the material which consists 
fa group which becomes a non-magnetic layer from Cu, Ag, or Au given in any 1 term. 

Ulaim 40] The magnetoresistance-effect element of the claim 33-38 characterized by using for a non-magnetic layer 
ie material which makes a principal component the Ag addition Cu or Re addition Cu given in any 1 term. 
Zlaim 41] The magnetoresistance-effect element of the claim 33-40 to which ferromagnetic layer thickness is 
haracterized by 0.1-1 micrometer and non-magnetic layer thickness being [ 2-3nm and antiferromagnetism layer 
lickness ] 10-70nm for 1-1 Onm and element height given in any 1 term. 

Ulaim 42] The magnetoresistance-effect element of the claim 33-41 characterized by the angle which the direction of 
n easy axis of the magnetic thin film which adjoins each other through the aforementioned nonmagnetic thin film by 
)tating an impression magnetic field during membrane formation makes being in the range of 70 to 90 degrees given 
i any 1 term. 

31aim 43] The magnetoresistance-effect element of the claim 33-42 characterized by using the layer which has fee 
tructure in a ground layer in the magnetoresistance-effect element of the structure of a substrate / ground layer / 
aromagnetic layer / non-magnetic layer / ferromagnetic layer / Co oxide / nickel oxide given in any 1 term. 
31aim 44] The magnetoresistance-effect element of the claim 33-43 characterized by being formed with the material 
hosen from the group which becomes a ground layer from Ta, Ti, Zr, and Hf in the magnetoresistance-effect element 
f the structure of a substrate / ground layer / ferromagnetic layer / non-magnetic layer / ferromagnetic layer / Co 
xide / nickel oxide given in any 1 term. 

Claim 45] It is the shielded type magnetoresistance-effect sensor characterized by the laminating of a lower shield 
lyer, a lower gap, and the magnetoresistance-effect element being carried out on the substrate, and the shield layer 
eing patternized using the magnetoresistance-effect element of a claim 33-44 given in any 1 term, pattemizing the 
lagnetoresistance-effect element, carrying out the laminating of a vertical bias layer and the lower electrode layer one 
■y one so that the edge may be touched, and carrying out the laminating of an upper gap layer and the upper shield 
ayer one by one on it. 

Claim 46] The magnetoresistance-effect element of a claim 33-44 given in any 1 term is used, on a substrate A lower 
hield layer, The laminating of a lower gap and the magnetoresistance-effect element is carried out, and the shield layer 
3 patternized. A magnetoresistance-effect element is a shielded type magnetoresistance-effect sensor characterized by 
ieing patternized, carrying out the laminating of a vertical bias layer and the lower electrode layer one by one so that it 
nay lap with the upper part in part, and carrying out the laminating of an upper gap layer and the upper shield layer 
>ne by one on it. 

Claim 47] The magnetic-reluctance detection system characterized by having a magnetoresistance-effect sensor 
tccording to claim 45 or 46, the means which produces the current which passes along a magnetic-reluctance sensor, 
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d a means to detect resistivity change of the above-mentioned magnetic-reluctance sensor as a function of the 
agnetic field detected. 

laim 48] The magnetic storage system characterized by the bird clapper from the actuator means combined with a 
agnetic-recording system and magnetic-reluctance conversion system in order to move a magnetic-recording system, 
nagnetic-reluctance detection system according to claim 47, and the magnetic-recording system and magnetic- 
luctance detection system for making data memorize on the magnetic storage medium which has two or more trucks 
r data logging, and a magnetic storage medium to the truck with which the aforementioned magnetic storage medium 
as chosen. 



ranslation done.] 
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ET AILED DESCRIPTION 



Detailed Description of the Invention] 
)001] 

[Tie technical field to which invention belongs] this invention relates to a magnetoresistance-effect film with large 
distance rate of change by the small external magnetic field especially in a magnetic medium etc. about the 
lagnetoresistance-effect film used for the magnetoresistance-effect element for reading magnetic field strength as a 
gnal. 

)002] Moreover, this invention relates to the magnetic sensor for reading the information signal recorded on the 

lagnetic medium. 

)003] 

Description of the Prior Art] In recent years, high-sensitivity- izing of a magnetic sensor and densification in magnetic 
jcording are advanced, and development of a magnetic-effect type magnetic sensor (henceforth MR sensor) and the 
lagnetoresistance-effect type magnetic head (henceforth an MR head) is briskly furthered in connection with this. 
Jthough [ which MR sensor and an MR head become from a magnetic material ] it reads and an external-magnetic- 
eld signal is read by resistance change of the sensor section, since relative velocity with a record medium is not 
ependent on a reproduction output, MR sensor and an MR head have the feature that a high output is obtained for 
igh sensitivity also in high-density magnetic recording by the MR head, by MR sensor. 
)004] It has at least the two-layer magnetic thin film by which the laminating was carried out through the 
onmagnetic thin film recently. A coercive force is given by adjoining and preparing an antiferromagnetism thin film 
1 one soft-magnetism thin film. There is a magnetoresistance-effect film which carries out resistance change by 
arrying out magnetization rotation by different external magnetic field from the soft-magnetism thin film of another 
ide which adjoined through the nonmagnetic thin film (physical review B (Phys.Rev.B) the 43rd volume, the 1297th 
age, 1991, JP,4-358310,A). 

3005] Moreover, in the Prior art, the magnetic reading converter called MR sensor or MR head is indicated, and it has 
lade this clear that data can be read in a magnetic front face by big alignment density. MR sensor detects a magnetic 
ield signal through the resistance change as the strength of magnetic flux, and a function of a direction sensed by the 
fading element, as for MR sensor of such a Prior art, one component of resistance of a reading element changes in 
roportion to the square of the cosine of the angle between the magnetization direction and the direction of sensing 
urrent which flows the inside of an element — it operates based on the anisotropy magnetic-reluctance (AMR) effect 
aper "Memory, Storage, and Related Applications" whose more detailed explanation of the AMR effect is D.A. 
Tiompson (Thompson) etc. IEEE Trans.on It is indicated by Mag.MAG-1 1 and p.1039 (1975). 

0006] Furthermore, the more remarkable magnetoresistance effect returned to spin dependency dispersion by the layer 
aterface to which resistance change of a laminating magnetic sensor accompanies spin dependency transmission of the 
onduction electron between the magnetic layers through a non-magnetic layer and it is indicated recently. This 
aagnetoresistance effect is called by various names, such as the "huge magnetoresistance effect" and the "spin bulb 
ffect." Sensitivity is improved and such a magnetic-reluctance sensor has a large resistance change rather than it is 
nade of a suitable material and is observed by the sensor using the AMR effect. By this kind of MR sensor, the flat- 
urface internal resistance between the ferromagnetic layers of the couple separated by the non-magnetic layer changes 
n proportion to the cosine of the angle between the two magnetization directions of a layer. 

0007] The laminating magnetism structure produced by the anti-parallel array of the magnetization in a magnetic layer 
>f bringing about high MR change is indicated by JP,2-61572,A priority is claimed to be in June, 1986. As an usable 
naterial, ferromagnetic transition metals and a ferromagnetic alloy are mentioned in the above-mentioned specification 
>y the laminated structure. Moreover, it is indicated that FeMn is suitable as the structure which added the 
intiferromagnetism layer to one side of the two-layer ferromagnetism [ at least ] layer separated by the interlayer, and 
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t antiferromagnetism layer. 

•008] To JP,4-358310,A by which the priority opinion is carried out on December 1 1, 1990 It has the two-layer thin 
1m layer of the ferromagnetic divided by the thin film layer of a non-magnetic metal object. When an impression 
agnetic field is zero, the magnetization direction of two ferromagnetic thin membrane layers intersects 
srpendicularly, resistance between two uncombined ferromagnetic layers changes in proportion to the cosine of the 
lgle between the two magnetization directions of a layer, and MR sensor independent of the direction of the current 
hich flows the inside of a sensor is indicated. 

>009] In Japanese Patent Application No. No. 214837 [ six to ] for which these people apply previously on September 
1994 On a substrate, consist of two or more magnetic thin films which carried out the laminating through the non- 
agnetic layer, while adjoins each other through a nonmagnetic thin film, and the antiferromagnetism thin film is 
ijoined and prepared in the soft-magnetism thin film. It is the coercive force of Hr and the soft-magnetism thin film of 
lother side about the bias magnetic field of this antiferromagnetism thin film Hc2 In the magnetoresistance-effect 
1m which is Hc2 <Hr when it carries out The magnetoresistance-effect element which is a superlattice which the 
brementioned antiferromagnetism layer becomes from at least two sorts chosen from NiO, Nix Col-x O, and CoO is 
idicated. 
)010] 

'roblemCs) to be Solved by the Invention] However, also in the magnetoresistance-effect element of the above- 
lentioned point **, although it operated in the small external magnetic field, when using it as a practical sensor and 
ie magnetic head, the signal magnetic field needed to be impressed in the direction of an easy axis, and when using as 
sensor, there was a problem that nonlinearity, such as that resistance change is not shown before and behind a zero 
lagnetic field and a bulk HAUZEN jump, appeared. 

)01 1] Moreover, the ferromagnetism-interaction was between the magnetic layers which adjoin each other through a 
on-magnetic layer, and there was a problem that the straight-line region in an M-R curve will shift from a zero 
lagnetic field. 

)012] Furthermore, a corrosion resistance bad material called FeMn needed to be used as an antiferromagnetism thin 
lm, the additive was added on the occasion of utilization, or there was a problem which needs the measure of 
ttaching a protective coat. 

)013] Since it was the structure of obtaining resistance change fundamentally using change of the average free process 
;ngth of the conduction electron in three layers of a magnetic thin film / nonmagnetic thin film / magnetic thin film, as 
ompared with the magnetoresistance-effect film called distributor-shaft-coupling type which has multilayer structure, 
lere was a problem that resistance rate of change was small. 

)014] On the other hand, when corrosion resistance outstanding nickel oxide film was used as an antiferromagnetism 
lin film, the coercive force of the soft-magnetism film with which a bias magnetic field adjoins small became large, 
nd there was a problem that the magnetization anti-parallel state between magnetic layers was difficult to get. 
)015] The soft-magnetism film which adjoins when an oxide antiferromagnetism film is used as an 
ntiferromagnetism thin film and it heat-treats oxidized, and there was a problem that the resistance rate of change of a 
ias magnetic field and also a magnetoresistance-effect film will fall. 

3016] Although the big switched connection magnetic field was acquired when the superlattice of NiO and CoO was 
sed as an antiferromagnetism thin film, there was a problem that the blocking temperature which is the upper limit 
smperature which operates as a magnetoresistance-effect film will fall. Moreover, there was a problem that a 
reduction cost was large. 

[)017] When the bilayer film which carried out the laminating of the 10 to 40A CoO was used on NiO as an 
ntiferromagnetism film, there was a problem that it was very difficult to obtain a CoO antiferromagnetism phase. 
0018] Since it was the structure of obtaining resistance change fundamentally using change of the mean free path 
sngth of the conduction electron in a magnetic thin film / nonmagnetic thin film / three layers of magnetic thin films, 
s compared with the magnetoresistance-effect film called distributor-shaft-coupling type which has multilayer 
tructure, there was a problem that resistance rate of change was small. 

0019] The purpose of this invention shows a big resistance change linearly before and behind a zero magnetic field, 
nd its hysteresis in an M-R curve is small, and is to offer the magnetoresistance-effect film which was moreover 
ixcellent in corrosion resistance and thermal resistance. 

0020] Moreover, in the above-mentioned Prior art, or FeMn which is easy to oxidize in the atmosphere as an 
intiferromagnetism layer which constitutes spin bulb structure is mainly mentioned as a candidate and it adds an 
idditive on the occasion of utilization, it is indispensable using a protective coat etc. And after using such a cure, in 
iddition, there is property degradation at the time of process processing, and it was not able to be said that the 
eliability of a completion element was enough. 
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'021] When nickel oxide film or the CoPt film which increases one ferromagnetic layer reversal magnetic field and 
hich was excellent in corrosion resistance as a means was used, the crystallinity of the magnetic layer / non-magnetic 
yer / magnetic layer sandwiches film which carries out a laminating on it was bad, and the problem that a hysteresis 
icame easy to appear was on the R-H loop. 

►022] when using the magnetoresistance-effect element using the simian- virus effect as a magnetoresistance-effect 
;nsor, the thing in magnetic field zero which it point[ of operation ] (cross-point )-comes out, and is optimized is 
seded like the case of the magnetic-reluctance sensor using conventional AMR Moreover, with the 
lagnetoresistance-effect element using the simian-virus effect, an element configuration affects a head reproduction 
atput. Furthermore, with simian- virus element which used the non-electrical conducting material for 
itiferromagnetism material, the thickness of antiferromagnetism material influences the gap length of a shielded type 
Lagnetic resistance element, and affects the off-track property of the regenerative signal by the shielded type 
lagnetoresistance-effect head. 

)023] this invention aims at offering a magnetoresistance-effect element with good corrosion resistance and a good 
vitched connection magnetic field, a hysteresis characteristic, MR ratio, the cross point, and output signal half- value 
idth, and a magnetic detection system. 
)024] 

vleans for Solving the Problem] While this invention consists of two or more magnetic thin films which carried out 
le laminating through [ in order to solve the above-mentioned problem ] the nonmagnetic thin film on the substrate 
id each other is adjoined through a nonmagnetic thin film, the antiferromagnetism thin film is prepared in the soft- 
tagnetism thin film, and it is the coercive force of Hr and the soft-magnetism thin film of another side about the bias 
lagnetic field of this antiferromagnetism thin film Hc2 When it carries out, it is the magnetoresistance-effect film 
laracterized by being the magnetoresistance-effect film which is Hc2 <Hr. 

)025] At least the part of the antiferromagnetism thin object used for the antiferromagnetism thin film of this 
Lvention is NiMn of fct structure. By making Mn atom content of the aforementioned NiMn alloy into 46 to 60% of 
'ithin the limits, a grid transformation in the fct structure at the time of heat-treating is realized. As a ground layer of 
fiMn, hep metals, such as Ti, Hf, Zr, and Y, are desirable. Furthermore, it is possible for the fct layer of NiMn to 
row, to originate in the switched connection in an antiferromagnetism layer and a ferromagnetic layer interface, and to 
ive the 1 direction anisotropy to a magnetic layer by heat-treating the soft-magnetism thin film which adjoins the 
atiferromagnetism thin film NiMn and this in the temperature of 300 degrees C or less. Moreover, it is possible by 
dding 1 - 10% of carbon (C) into a NiMn alloy to promote the fct grid transformation at the time of heat treatment, 
urthermore, it is possible by adding 0 - 10% of chromium (Cr) into a NiMn alloy to raise corrosion resistance. 
)026] Membrane formation is performed by methods, such as a vacuum deposition, the sputtering method, and a 
lolecular beam epitaxy method (MBE). Moreover, as a substrate, glass, Si, MgO and aluminum 203, SiC, GaAs, a 
arite, CaTi 203, BaTi 203, A1203-TiC, etc. can be used. 

3027] The antiferromagnetism thin object used for the antiferromagnetism thin film of this invention has the two-layer 
lembrane structure which specifically carried out the laminating of the 10-40A CoO on NiO. After carrying out the 
iminating of the ferromagnetic and considering as a switched connection film on this two-layer film, a switched 
onnection magnetic field goes up by giving heating among a magnetic field at about 200 degrees C. 
3028] The upper limit of the thickness of NiO is 1000A. On the other hand, although there is especially no minimum 
f the thickness of a NiO film, since the size of the switched connection magnetic field to the magnetic layer which the 
rystallinity of antiferromagnetism adjoins is influenced greatly, it is desirable to consider as 100A or more from which 
rystallinity becomes good. Moreover, by forming substrate temperature as 100-300 degrees C, crystallinity is 
nproved and a bias magnetic field goes up. Membrane formation is performed by methods, such as a vacuum 
eposition, the sputtering method, and a molecular beam epitaxy method (MBE). Moreover, as a substrate, glass, Si, 
AgO and aluminum 203, SiC, GaAs, a ferrite, CaTi 203, BaTi 203, A1203-TiC, etc. can be used. 
0029] Although especially the kind of magnetic substance used for the magnetic thin film of this invention is not 
estricted, specifically, Fe, nickel, Co, Mn, Cr, Dy, Er, Nd, Tb, Tm, germanium, Gd, etc. are desirable. Moreover, as 
tie alloy containing these elements, or a compound, Fe-Si, Fe-nickel, Fe-Co, Fe-Gd, nickel-Fe-Co, nickel-Fe-Mo, Fe- 
Juminum-Si (Sendust), Fe-Y, Fe-Mn, Cr-Sb, Co system amorphous, Co-Pt, Fe-aluminum, Fe-C, a ferrite, etc. are 
lesirable, for example. 

0030] In this invention, it chooses from these magnetic substance and a magnetic thin film is formed. Anisotropy field 
ik2 of the magnetic thin film which does not adjoin an antiferromagnetism thin film especially Coercive force Hc2 It 
s realizable by choosing a large material. 

0031] Moreover, an anisotropy field is greatly made also by making thickness thin. For example, when NiFe is made 
nto the thickness of about 10A, it is an anisotropy field Hk2. Coercive force Hc2 It can enlarge. 
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032] Furthermore, such a magnetoresistance-effect film can be manufactured by forming the aforementioned 
agnetic thin film all over a magnetic field so that it may have become perpendicularly to the direction of a signal 
agnetic field where the easy axis of a magnetic thin film is impressed and the coercive force of the direction of 
ipression signal time may be set to Hc2 <Hk2 <Hr. It realizes by rotating an impression magnetic field 90 degrees 
iring membrane formation, or rotating a substrate 90 degrees all over a magnetic field so that the direction of an easy 
is of the magnetic thin film which adjoins each other through the easy axis of a soft-magnetism film, this, and the 
>nmagnetic thin film which specifically adjoin an antiferromagnetism thin film may intersect perpendicularly. 
033] The thickness of each magnetic thin film has desirable 200A or less. Although an effect does not decrease 
msidering thickness as 200A or more, without an effect increasing with the increase in thickness, there is much 
embranous production top futility and it is uneconomical. On the other hand, although there is especially no 
inimum of the thickness of a magnetic thin film, the effect of surface dispersion of conduction electron becomes 
rge, and 30A or less of magnetic-reluctance change becomes small. Moreover, about thickness, in 30A or more, then 
ickness, it becomes easy to keep it uniform and a property also becomes good. Moreover, the size of saturation 
agnetization does not become small too much. 

»034] Furthermore, it is possible by inserting Co or Co system alloy in the interface of a nonmagnetic thin film and a 
agnetic thin film for the interface dispersion probability of conduction electron to go up, and to obtain a bigger 
distance change. The minimum of the thickness to insert is 5 A. Less than [ this ], while the insertion effect decreases, 
becomes difficult [ a thickness control ]. Although there is especially no upper limit of the thickness to insert, about 
)A is desirable. If it carries out more than this, a hysteresis will appear in the output in the operating range of a 
agnetoresistance-effect element. 

1035] Furthermore, in such a magnetoresistance-effect film, by making an antiferromagnetism thin film or a 
srmanent magnet thin film adjoin in the easy magnetization direction of the magnetic layer which detects an external 
lagnetic field, i.e., the magnetic layer which does not adjoin an antiferromagnetism layer, magnetic-domain 
abilization is attained and nonlinear outputs, such as a bulk HAUZEN jump, are avoided. As an antiferromagnetism 
dn film used for magnetic-domain stabilization, FeMn, NiMn, NiO, CoO and Fe 203, FeO, CrO, MnO, etc. are 
ssirable. Moreover, as a permanent magnet thin film, CoCr, CoCrTa, CoCrTaPt, CoCrPt, CoNiPt, CoNiCr, CoCrPtSi, 
eCoCr, etc. are desirable. And Cr etc. may be used as a ground layer of these permanent magnet thin films. 
)036] What is necessary is for a nonmagnetic thin film to be a material which plays the role which weakens the 
lagnetic interaction between magnetic thin films, and for there to be no limit in the kind and just to choose it as it 
om various metals or semimetal non-magnetic material suitably. 

)037] As the metal magnetic substance, these alloys, such as Au, Ag, Cu, Pt, aluminum, Mg, Mo, Zn, Nb, Ta, V, Hf, 
b, Zr, Ga, Ti, Sn, and Pb, are desirable. As a semimetal non-magnetic material, Si02, SiN, aluminum 203, ZnO, 
IgO, TiN of what added another element to these, etc. are desirable. 

)038] The thickness of a nonmagnetic thin film has 20-3 5 A more desirable than an experimental result. If thickness 
enerally exceeds 40A, resistance will be decided by the nonmagnetic thin film, and the scattering effect by spin will 
ecome small relatively, consequently magnetic-reluctance change will become small. On the other hand, if thickness 
ecomes 20A or less, since the magnetic interaction between magnetic thin films will become large too much and 
enerating of a magnetic direct contact state (pinhole) will not be avoided, it is hard coming to generate the state where 
le magnetization direction of both magnetic thin films is different from each other. 

D039] The thickness of magnetism or a nonmagnetic thin film can be measured by the transmission electron 
licroscope, the scanning electron microscope, Auger electron spectral analysis, etc. Moreover, the crystal structure of 
thin film can be checked by the X diffraction, the high-speed electron diffraction, etc. 

0040] What is necessary is just to choose especially a limit as the number of times N of a repeat laminating of an 
rtificial grid film suitably in the magnetoresistance-effect element of this invention according to the magnetic- 
eluctance rate of change which there is nothing and is made into the purpose. 

0041] In addition, antioxidizing films, such as a silicon nitride, oxidization silicon, and oxidization aluminum, may be 
prepared in the front face of the magnetic thin film of the best layer, and the metal conductive layer for an electrode 
Irawer may be prepared in it. 

0042] Moreover, since the magnetic properties of the magnetic thin film which exists in a magnetoresistance-effect 
dement cannot be measured directly, it usually measures as follows. The magnetic thin film which should be measured 
s formed a nonmagnetic thin film and by turns until the sum total thickness of a magnetic thin film becomes about 
iOO-lOOOA, the sample for measurement is produced, and magnetic properties are measured about this. In this case, 
hickness of a magnetic thin film, thickness of a nonmagnetic thin film, and composition of a nonmagnetic thin film are 
nade the same as the thing in a magnetoresistance-effect element. 
0043] 
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unction] It is indispensable that adjoin one soft-magnetism thin film, the antiferromagnetism thin film is formed by 
e magnetoresistance-effect film of this invention, and the exchange bias force is working. The reason is that the 
eatest resistance is shown when the sense of magnetization of the magnetic thin film which the principle of this 
vention adjoined turns to a retrose mutually. 

j 044] Drawing 3 is a B-H curve explaining the working principle of the magnetoresistance-effect film of this 
vention. 

>045] That is, as this invention shows to drawing 3 , the external magnetic field H is the anisotropy field Hk2 of a 
agnetic thin film. When it is between the coercive forces Hr of one magnetic thin film (i.e., when it is Hk2 <H<Hr), 
e direction of magnetization of the adjacent magnetic thin film becomes a retrose mutually, and resistance increases. 
>046] Drawing 2 is an expansion perspective diagram explaining the outline composition of the magnetic-reluctance 
msor which used the magnetoresistance-effect film of this invention. 

>047] The magnetic-reluctance sensor of drawing 2 consists of an artificial grid film 7 formed on the substrate 4, 
akes the magnetic thin film 2 which minded the nonmagnetic thin film 1 on the antiferromagnetism thin film 5 
>rmed on the substrate 4, and the magnetization easy direction between three intersect perpendicularly, and it is set up 
> that the signal magnetic field emitted from the magnetic-recording medium 8 may become perpendicular to the 
tagnetization easy direction of a magnetic thin film 2. 

)048] The 1 direction anisotropy is given by the antiferromagnetism thin film 5 which a magnetic thin film 3 adjoins 

: this time. And when the magnetization direction of a magnetic thin film 2 answers the size of the signal magnetic 

eld of the magnetic-recording medium 8 and rotates, resistance changes and a magnetic field is detected. 

>049] Here, the relation between an external magnetic field, coercive force, and the direction of magnetization is 

cplained. 

)050] They are Hc2 and an anisotropy field about the coercive force of Hr and the soft-magnetism thin film of another 
de in the coercive force of the soft-magnetism thin film by which exchange bias was carried out as shown in drawing 
Hk2 It carries out (0<Hk2 <Hr). It is H<-Hk2 about the beginning and external magnetic field H. It impresses so that 
may become (field (A)). At this time, the magnetization direction of magnetic thin films 2 and 3 is turned to in the 
ime direction of - (negative) as H. Next, if the external magnetic field is weakened, in -Hk2 <H<Hk2 (field (B)), 
lagnetization of a magnetic thin film 2 will rotate in the direction of +, and the magnetization direction of magnetic 
lin films 2 and 3 will become a retrose mutually in the field (C) of Hk2 <H<Hr. Furthermore, in the field (D) of Hr<H 
'hich enlarged the external magnetic field, magnetization of a magnetic thin film 3 is also reversed, and the 
lagnetization direction of magnetic thin films 2 and 3 gathers, and is turned to in the direction of +. 
)051] Drawin g 4 is an R-H curve explaining the working principle of the magnetoresistance-effect film of this 
lvention. 

)052] Drawing 4 shows the membranous resistance R to a vertical axis, and shows magnetic-field-strength H to a 
orizontal axis. As shown in drawing 4 , resistance of this film changes with the relative magnetization directions of 
lagnetic thin films 2 and 3, and comes to take the greatest value (Rmax) in a field (C). 

)053] Moreover, the antiferromagnetism thin film is adjoined and prepared in the soft-magnetism thin film, and this 
ivention is the coercive force of Hr and the soft-magnetism thin film of another side about the bias magnetic field of 
lis antiferromagnetism thin film, while it consists of two or more magnetic thin films which carried out the laminating 
irough the nonmagnetic thin film and each other is adjoined through a nonmagnetic thin film on a substrate Hc2 
Vhen it carries out, it is the magnetoresistance-effect film characterized by being Hc2 <Hr. 

3054] The antiferromagnetic substance used for the antiferromagnetism thin film of this invention has the two-layer 
lembrane structure which carried out the 30A laminating of the 1-Nix Cox oxide film (x=0-0.9) from 1 on nickel 
xide film. Or it is Nix Co 1-x on nickel oxide film. It has the multilayer structure which was made to carry out 
omposition change of the oxide film in x= 0 to 0.9, and carried out the 30A laminating from 1 . 
D055] While corrosion resistance improves remarkably by this as compared with the FeMn antiferromagnetism 
material used conventionally, as compared with the case where nickel oxide-film monolayer is used, the coercive force 
fa switched connection film declines remarkably, and the hysteresis of the output of a magnetoresistance-effect 
lement is improved remarkably. 

0056] As for the thickness of nickel oxide film, considering as 1000A or less is desirable. Although an effect does not 
lecrease as thickness beyond this, it leads to precision falling from a viewpoint of the reading precision in a 
nagnetoresistance-effect element, when thickness increases. On the other hand, since the minimum of the thickness of 
lickel oxide film influences greatly the size of the switched connection magnetic field to the magnetic layer which the 
xystallinity of an antiferromagnetism layer adjoins, it is desirable to consider as 100A or more from which 
xystallinity becomes good. Moreover, by forming substrate temperature as 300 degrees C from a room temperature, 
:rystallinity is improved and a bias magnetic field goes up. Membrane formation is performed by methods, such as a 
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icuum deposition, the sputtering method, and a molecular beam epitaxy method (MBE). Moreover, as a substrate, 
ass, Si, MgO and aluminum 203, GaAs, a ferrite, CaTi 203, BaTi 203, aluminum2 03-TiC, etc. can be used. 
057] In this invention, by inserting 3 to 30A nickel, Fe, Co(es), or these alloy layers between an antiferromagnetism 
in film and a magnetic thin film, oxidization of a magnetic film is suppressed and the fall of the switched connection 
agnetic field when heat-treating and also decline in resistance rate of change are improved remarkably. 
058] By making surface roughness of an antiferromagnetism thin film into 2 to 3 OA, on it, the magnetic-domain 
ructure of the magnetic layer which carries out a laminating changes, and the coercive force in a switched connection 
jti declines in this invention. 

059] nickel, Fe, Co, FeCo, NiFe, NiFeCo(es), or these alloys of the kind of magnetic substance used for the magnetic 
in film of this invention are desirable. Thereby, the effect of dispersion of the conduction electron in a non-magnetic 
yer / magnetic layer interface shows up greatly, and a bigger resistance change is obtained. 

>060] The thickness of each magnetic thin film has desirable 150A or less. If thickness is made into 150A or more, the 
sld which does not contribute to electronic dispersion with the increase in thickness will increase, and the huge 
agnetoresistance effect will become small. On the other hand, although there is especially no minimum of the 
ickness of a magnetic thin film, the effect of surface dispersion of conduction electron becomes large, and 20A or 
ss of magnetic-reluctance change becomes small. Moreover, about thickness, in 20A or more, then thickness, it 
jcomes easy to keep it uniform and a property also becomes good. Moreover, the size of saturation magnetization 
)es not become small too much. 

1061] Moreover, the coercive force of the magnetic thin film which adjoins an antiferromagnetism thin film can make 
lbstrate temperature small by forming membranes continuously with an antiferromagnetism thin film as 300 degrees 
from a room temperature. 

)062] Furthermore, it is possible by inserting Co, FeCo, NiCo, or NiFeCo in a magnetic thin film / nonmagnetic thin 
Im interface for the interface dispersion probability of conduction electron to go up, and to obtain a bigger resistance 
lange. The minimum of the thickness to insert is 1 A. Less than [ this ], while the insertion effect decreases, it 
scomes difficult [ a thickness control ]. Although there is especially no upper limit of insertion thickness, about 3 OA 
desirable. If it carries out more than this, a hysteresis will appear in the output in the operating range of a 
lagnetoresistance-effect element. 

)063] A nonmagnetic thin film is a material which plays the role which weakens the magnetic interaction between 
lagnetic thin films, and in order to obtain a high magnetic-reluctance change and the outstanding thermal resistance, 
u, Au, Ag, Ru, Re, or these alloys are desirable. 

)064] Moreover, by the spin bulb film using the oxide antiferromagnetism thin film in this invention, since the 
iteraction between magnetic layers changes to nonmagnetic thickness, two magnetic layers join together in 
ntiferromagnetism near 12A from the nonmagnetic thickness 8, and a high resistance change is obtained before and 
ehind a zero magnetic field. 

)065] In the magnetoresistance-effect element of this invention, the resistivity of an antiferromagnetism thin film is 
irge, and since the effect which carries out a laminating is spoiled, it is desirable to be transposed to the structure used 
s an antiferromagnetism layer / a magnetic layer / non-magnetic layer / magnetic layer / non-magnetic layer / 
lagnetic layer / antiferromagnetism layer. 

D066] Then, the aforementioned The means for solving a technical problem of the magnetoresistance-effect element 
f this invention In the magnetoresistance-effect element which consists of the magnetoresistance-effect element which 
onsists of the 2nd ferromagnetic layer or an antiferromagnetism layer / the 1st ferromagnetic layer / Co layer / non- 
lagnetic layer / Co layer / the 2nd ferromagnetic layer antiferromagnetism layer / ferromagnetic layer / non-magnetic 
iyer/— [ of ** a 1st ] an antiferromagnetism layer — from the two-layer film of nickel oxide / Co oxide — becoming - 
nd nickel oxide thickness - lOnm or more - it is — in addition - and it is because Co oxide thickness sets to 0.3 to 
.Onm An antiferromagnetism layer is for MR ratio to increase at the same time the switched connection magnetic field 
•y which the coercive force of the 1st magnetic layer which adjoins this by grant of Co oxide layer declines, and the 
ding with the nickel oxide / the Co oxide two-layer film more sufficient than nickel oxide monolayer is given to a 
ixed magnetic layer from an antiferromagnetism layer exceeds fixed magnetic layer coercive force and the hysteresis 
>n the R-H curve of a magnetoresistance-effect element decreases. Under the present circumstances, it is desirable that 
dckel atomic number/in nickel oxide (nickel atomic number +0 atomic number) is 0.3-0.7 and for Co atomic 
lumber/in Co oxide (Co atomic number +0 atomic number) to be 0.3-0.7. This is because the range to which nickel 
>xide and Co oxide show antiferromagnetism, and can give an exchange anisotropy to the 1st magnetic layer is this 
ange. Furthermore, it is desirable for Co oxide layer to be Spinel structure. This is based on the experimental result 
hat the 1st magnetic layer was able to give the exchange anisotropy effectively from the antiferromagnetism layer, 
vhen Co oxide layer is Spinel structure. As for the surface roughness of nickel oxide / Co oxide two-layer film, it is 
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isirable that it is lOnm or less. Surface roughness of this is for the hysteresis of a magnetoresistance-effect element to 
crease by coercive force increase of the 1st ferromagnetic layer in lOnm or more. The 1st and the 2nd a little more 
an magnetic layer have the material which makes NiFe or NiFeCo a principal component to a desirable bird clapper, 
irthermore, the material to which the 1 st ferromagnetic layer makes Co a principal component, and the material to 
hich the 2nd ferromagnetic layer makes NiFe or NiFeCo a principal component can also be used. Corrosion 
sistance improves by adding Pd, aluminum, Cu, Ta, In, B, Nb, Hf, Mo, W, Re, Ru, Rh, Ga, Zr, Ir, Au, and Ag to a 
m-magnetic layer. It is desirable to use the material which becomes a non-magnetic layer from the group which 
msists of Cu, Ag, or Au. This is because high MR ratio is obtained, when Cu, Ag, or Au is used. Thermal resistance 
improved by using for a non-magnetic layer the material which makes a principal component the Ag addition Cu or 
e addition Cu. This is for Ag or Re of not dissolving to Cu to gather for a grain boundary, and to prevent the grain 
>undary diffusion to Cu layer of a magnetic layer. As for ferromagnetic layer thickness, it is desirable for 1-1 Onm and 
ement height to be [ for 2-3nm and the antiferromagnetism layer thickness of 0.1-1 micrometer and non-magnetic 
yer thickness ] 10-70nm. This is because the magnetostatic combination between the 1st and 2nd ferromagnetic layer 
in be weakened and the cross point position on an R-H curve can be improved by setting ferromagnetic layer 
ickness to lOnm or less, however, the case where the magnetization direction of the 1st and the 2nd a little more than 
agnetic layer is parallel in lnm or less — anti- — in order that the difference of the mean free path in the case, ****, 
ay decrease, it becomes difficult to obtain sufficient MR ratio It is desirable by rotating an impression magnetic field 
iring membrane formation for the angle which the direction of an easy axis of the magnetic thin film which adjoins 
ich other through the aforementioned nonmagnetic thin film makes to be in the range of 70 to 90 degrees. Since flux 
;versal becomes a magnetization rotation mode initiative type when magnetization of the 2nd magnetic layer has 
irned to the direction near a difficult shaft, this is because the coercive force of the 2nd ferromagnetic layer can be 
riuced and generating of the Barkhausen noise when considering as a head can be reduced. 
)067] 

embodiments of the Invention] First, the magnetoresistance-effect film of this invention is explained with reference to 
drawing. 

)068] Drawi ng 1 is a cross section explaining the outline composition of the magnetic-reluctance sensor which used 
le magnetoresistance-effect film of this invention. 

)069] As mentioned above, a magnetic-reluctance sensor consists of an artificial grid film 7 formed on the substrate 4, 
id the artificial grid film 7 has magnetic thin films 2 and 3 on the substrate 4 in which the antiferromagnetism thin 
lm 5 was formed, and has the nonmagnetic thin film 1 among these adjoining magnetic thin films 2 and 3. Moreover, 
le laminating of an antiferromagnetism thin film or the permanent magnet thin film 6 is adjoined and carried out to 
le magnetic thin film 2. 

)070] Detailed explanation is given by the term of an example. 

3071] Next, all are performed by the term of an example about the material which showed detailed explanation by the 
laim by the concrete experimental result about the magnetoresistance-effect film and its manufacture method of this 
lvention. 

3072] Then, the magnetoresistance-effect element of this invention is explained with reference to a drawing. 
3073] As a shielded type element which applied this invention, the thing of a form like drawing 25 and drawing 26 
an be used. 

3074] By the type of d rawin g 25 , the laminating of the lower shield layer 12, the lower gap layer 13, and the 
lagnetoresistance-effect element 16 is carried out on a substrate 11. The laminating of the gap convention insulating 
lyer 17 may be carried out on it. The shield layer 12 is patternized in many cases by the suitable size according to PR 
rocess. The magnetoresistance-effect element 16 is patternized by the suitable size configuration according to PR 
rocess, and the laminating of the vertical bias layer 14 and the lower electrode layer 1 5 is carried out one by one so 
lat the edge may be touched. The laminating of the upper gap layer 1 8 and the upper shield layer 19 is carried out one 
►y one on it. 

0075] By the type of drawing 26 , the laminating of the lower shield layer 12, the lower gap layer 13, and the 
aagnetoresistance-effect element 16 is carried out on a substrate 11. The lower shield layer 12 is patternized in many 
ases by the suitable size according to PR process. The magnetoresistance-effect element 16 is patternized by the 
uitable size configuration according to PR process, and the laminating of the vertical bias layer 14 and the lower 
iectrode layer 15 is carried out one by one so that it may lap with the upper part in part. The laminating of the upper 
;ap layer 1 8 and the upper shield layer 19 is carried out one by one on it. 

0076] As a lower shield layer of the type of drawing 25 and drawing 26 , NiFe, a CoZr system alloy, FeAISi, nitriding 
ron system material, etc. can be used, and thickness can be applied in 0.5-10 micrometers. A lower gap can apply 
>i02, alumimium nitride, a silicon nitride, etc. besides an alumina. Use in 0.03-0.20-micrometer range is desirable. As 
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lower electrode, the simple substance, the alloy, or mixture which consists of Zr, Ta, and Mo is desirable. The 
ickness range has good 0.01-0.10 micrometers. As a vertical bias layer, CoCrPt, CoCr, CoPt, CoCrTa, FeMn, NiMn, 
ckel oxide, a NiCo oxide, etc. can be used. As a gap convention insulating layer, an alumina, Si02, alumimium 
tride, a silicon nitride, etc. are applicable. Use in 0.005-0.05-micrometer range is desirable. An upper gap can apply 
l alumina, Si02, alumimium nitride, a silicon nitride, etc. Use in 0.03-0.20-micrometer range is desirable. 
►077] Drawing 27 and drawing 28 are the conceptual diagrams of the film composition of the magnetoresistance- 
fect element used for this invention. The example of drawing 27 is the structure which carried out the laminating of 
e nickel oxide layer 22, the Co oxide layer 23, the 1st a little more than magnetic layer 24, the 1st MR enhancing 
yer 25, a non-magnetic layer 26, the 2nd MR enhancing layer 27, the 2nd a little more than magnetic layer 28, and 
e protective layer 29 one by one on the ground layer 21. the example of drawin g 28 It is the structure where the 
minating of the 2nd a little more than magnetic layer 28, the 2nd MR enhancing layer 27, a non-magnetic layer 26, 
te 1st MR enhancing layer 25, the 1st a little more than magnetic layer 24, the Co oxide layer 23, the nickel oxide 
yer 22, and the protective layer 29 was carried out one by one on the ground layer 21 . 

)078] Under the present circumstances, as the 1st a little more than magnetic layer, NiFe, NiFeCo, CoZr system 
laterial, FeCoB, a Sendust, nitriding iron system material, FeCo, etc. can be used. About 1-1 Onm of thickness is 
ssirable. Co, NiFeCo, FeCo, etc. can be used as a 1st MR enhancing layer. About 0.5-2nm of thickness is desirable. 
Jthough MR ratio falls a little compared with the case where it uses when not using the 1st MR enhancing layer, the 
umber of stroke which production takes only a part not to use decreases. The material which added about [ l-20at% ] 
% to Cu and Cu as a non-magnetic layer, and the material which added about [ l-20at% ] Re to Cu can be used. 2- 
om of thickness is desirable. Co, NiFeCo, FeCo, etc. can be used as a 2nd MR enhancing layer. About 0.5-2nm of 
dckness is desirable. Although MR ratio falls a little compared with the case where it uses when not using the 2nd 
IR enhancing layer, the number of stroke which production takes only a part not to use decreases. As the 2nd a little 
lore than magnetic layer, NiFe, NiFeCo, CoZr system material, FeCoB, a Sendust, nitriding iron system material, 
eCo, etc. can be used. About 1-1 Onm of thickness is desirable. In the case of the material to which the 1st or 2nd 
lagnetic layer used NiFe or NiFeCo as the base, by making a ground layer into the material which has fee structures, 
jch as Ta, Hf, and Zr, the crystallinity of the 1st or the 2nd a little more than magnetic layer, and a non-magnetic layer 
an be made good, and MR ratio can be raised. As a protective layer, the oxide of a group which consists of aluminum, 
i, Ta, and Ti or a nitride, the groups which consist of Cu, Au, Ag, Ta, Hf, Zr, Ir, Si, Pt, Ti, Cr, aluminum, and C, or 
lose mixture can be used. Although corrosion resistance improves by using, when not using, a manufacture number of 
Toke decreases conversely and productivity improves. 
)079] 

Sxample] First, two examples of the magnetoresistance-effect film of this invention are explained. 

)080] (Example 1) In drawi ng 1 , using a glass substrate 4 as a substrate, it puts in into vacuum devices and vacuum 

mgth is performed to a 10-7Torr base. Substrate temperature is maintained at a room temperature, and a ground layer 

j formed by 100A, a NiMn thin film is formed by the thickness of 200A, it continues, and NiFe is formed. 

3081] As mentioned above, at a room temperature, to 270 degrees C, substrate temperature is raised and is held after 

arming a switched connection film for about 1 0 hours. Substrate temperature is again returned to a room temperature, 

non-magnetic layer and a magnetic layer are formed, and it considers as a magnetoresistance-effect film. 

3082] Specifically, membrane formation arranges a NdFeB magnet by glass-substrate both side, and is 400 to a glass 

ubstrate and parallel. It carried out in the state where the external magnetic field about Oe is impressed. If the B-H 

urve of this sample is measured, the magnetic field impression direction will serve as an easy axis of an artificial grid 

JiFe layer during membrane formation. 

0083] And the artificial grid film shown below formed membranes at about 2.2-3. 5A [/second ] membrane formation 
peed. 

0084] In addition, when displayed, for example as Zr (100)/NiMn(200)/NiFe(60) / Cu(25) / NiFe (60), after carrying 
»ut the 200A laminating of 100 A and the NiMn thin film for Zr thin film on a substrate, it means forming the alloy thin 
ilm of nickel80%-Fe20% of 60A **, Cu thin film of 25A **, and the thin film of nickel80%-Fe20% of 60A ** one by 
•ne. 

0085] The oscillating sample type magnetometer performed measurement of magnetization. A resistance 
aeasurement is 2 1.0x1 Omm from a sample. It is -500-500, applying [ produce the sample of a configuration, and ] an 
ixternal magnetic field so that it may become current and a perpendicular direction in a field. It measured by the ohm- 
neter 4 terminal method at the time of making it change to Oe, and magnetic-reluctance rate-of-change deltaR/R was 
:alculated from the resistance. Resistance rate-of-change deltaR/R is Rmin about Rmax and a minimum-drag value in 
he maximum resistance. It carried out and calculated by the several 1 following formula. 
0086] 
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equation 1] 

kK Rfliax -Ruin 

— XI 0 0 CK) 

R Rain 

he produced artificial grid is l.glass/Ti(100)/NiMn(200)/NiFe(60) / Cu(25) / NiFe (60). 

.glass/Hf(l 00)/NiMn(200)/NiFe(60)/Cu(25)/NiFe(60) 

.glass/Zr(100)/NiMn(200)/NiFe(60)/Cu(25)/NiFe(60) 

.glassA r (100)/NiMn(200)/NiFe(60)/Cu(25)/NiFe(60) 

.glass/Cr(100)/NiMn(200)/NiFe(60)/Cu(25)/NiFe(60) 

.glass/Ta(100)/NiMn(200)/NiFe(60)/Cu(25)/NiFe(60) 

.glass/Ti( 1 00)/NiMnCr(200)/NiFe(60)/Cu(25)/NiFe(60) 

.glass/ZrHf( 1 00)/NiMn(200)/NiFe(60)/Cu(25)/NiFe(60) 

.glass/Hf(100)/NiMnCr(200)/NiFe(60)/Cu(25)/NiFe(60) 

0.glass/Zr(100)/NiMnCr(200)/NiFe(60)/Cu(25)/NiFe(60) 

1 .glassA^Cl 00)/NiMnCr(200)/NiFe(60)/Cu(25)/NiFe(60) 

2.glass/Cr( 1 00)/NiMnCr(200)/NiFe(60)/Cu(25)/NiFe(60) 

3 .glass/Ta( 1 00)/NiMnCr(200)/NiFe(60)/Cu(25)/NiFe(60) 

4.glass/ZrHf( 1 00)/NiMnCr(200)/NiFe(60)/Cu(25)/NiFe(60) 

: comes out. Time required to obtain 2.8, 3.2, 3.0, 2.5, 2.4, and 2.6 or 3.3% of resistance change, and carry out a grid 
ansformation to fct structure was 12, 8, 10, 15, and 16 or 14 hours to the heat treatment temperature of 270 degrees C, 
jspectively by setting a ground layer to Ti, Hf, Zr, Y, Cr, Ta, and ZrHf. By adding C (carbon) 5% to NiMn, the time 
'hich a grid transformation takes decreased to the heat treatment temperature which is 270 degrees C in 2 - 6 hours, 
loreover, by adding Cr to NiMn, corrosion resistance improved remarkably and the life was estimated at about 1 5 
ears at the room temperature. Furthermore, about 4.5% of resistance rate of change was obtained by inserting Co in a 
lagnetic layer (NiFe) / non-magnetic layer (Cu) interface. The B-H curve and M-R curve of this artificial grid film 
STo.l) become like drawing 5 and 6, respectively. 

)087] It is the B-H curve of the magnetoresistance-effect film of this invention with which drawing 5 shows M/Ms 
nagnetization/saturation magnetization) to a vertical axis, and shows H (magnetic field strength) to a horizontal axis. 
: is the M-R curve of the magnetoresistance-effect film of this invention with which dra w ing 6 shows MR (resistance 
ite of change) to a vertical axis, and shows H (magnetic field strength) to a horizontal axis. 
3088] By carrying out patterning of these artificial grid films to l-3micrometerx2micrometer according to PR 
Dhotography) process, and forming a single magnetic domain by the CoPtCr film, the noise was small and drew linear 
JH curve before and behind the zero magnetic field. 

3089] (Example 2) Using a glass substrate 4 as a substrate, it puts in into vacuum devices and vacuum length is 
erformed to a 10-7Torr base. Substrate temperature is maintained at a room temperature, NiO is formed by 300A, a 
^oO thin film is formed by the thickness of 10-40A, and a magnetic layer, a non-magnetic layer, and a magnetic layer 
re formed continuously. 

3090] Specifically, membrane formation arranges a NdFeB magnet by glass-substrate both side, and is 400 to a glass 
ubstrate and parallel. It carried out in the state where the external magnetic field about Oe is impressed. If the B-H 
urve of this sample is measured, the magnetic field impression direction will serve as an easy axis of an artificial grid 
liFe layer during membrane formation. 

3091] And the artificial grid film shown below formed membranes at about 2.2-3. 5A [/second ] membrane formation 
peed. 

0092] In addition, when [ for example, ] displayed as NiO(300)/CoO(10) / NiFe(100)/Cu(25) / NiFe (100), After 
arrying out the 10A laminating of 300A and the CoO thin film for a NiO thin film and forming an antiferromagnetism 
lyer on a substrate, It means forming 100A nickel80%-Fe20% of alloy thin film, Cu thin film of 25A **, and the thin 
ilm of nickel80%-Fe20% of 100A ** one by one. 

0093] It carries out like an example 1 and measurement of magnetization is Rmin about Rmax and a minimum-drag 

alue in rate of ohm-meter-izing deltaR/R, and the maximum resistance. It calculated by several 1 formula. 

0094] The produced artificial grid is 1 .glass/NiO(300)/CoO(10) / NiFe(100)/Cu(25) / NiFe (100). 

:.glass/NiO(300)/CoO(20)/NiFe(100)/Cu(25)/NiFe(100) 

. g lass/NiO(300)/CoO(40)/NiFe(100)/Cu(25)/NiFe(100) 

,glass/NiO(300)/CoO(l 0)/NiFe(90)/Co(l 0)/Cu(25)/Co(l 0)/NiFe(l 00) 

t comes out. By making nonmagnetic thickness into 25 A, about 3.8% of resistance rate of change was obtained, and 
»% of resistance rate of change was obtained by inserting Co in a magnetic layer (NiFe) non-magnetic layer (Cu) 
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iterface. Moreover, the switched connection magnetic field of about 150 Oes was acquired by making CoO thickness 
lto 20A. The B-H curve and M-R curve of this artificial grid film (No.l) become like drawing 7 and 8, respectively, 
loreover, by carrying out patterning of these artificial grid films to l-2micrometerx2micrometer according to PR 
rocess, and forming a single magnetic domain by the CoPtCr film, the hysteresis was small and the R-H curve without 
Barkhausen noise was drawn. 

)095] It is the B-H curve of the magnetoresistance-effect film of this invention with which drawing 7 shows M/Ms 

iiagnetization/saturation magnetization) to a vertical axis, and shows H (magnetic field strength) to a horizontal axis. 

: is the M-R curve of the magnetoresistance-effect film of this invention with which drawing 8 shows MR (resistance 

ite of change) to a vertical axis, and shows H (magnetic field strength) to a horizontal axis. 

)096] Next, the magnetoresistance-effect film of this invention and the example of the manufacture method are 

xplained. 

3097] It puts in into vacuum devices, using a glass substrate 4 as a substrate, and vacuum length is performed to a 10- 
Torr base. Substrate temperature is kept at room temperature -300 degree C, and a magnetic layer (NiFe, Co, FeCo, 
liCo, NiFeCo) is continuously formed by the thickness of 1 to 40A and formed [ multilayer / NiCo oxidization / 100- 
00A, Co oxide film, a NiCo oxide film, or ] in nickel oxide film. 

)098] Substrate temperature is returned to a room temperature after forming a switched connection film at room 
anperature -300 degree C as mentioned above, a non-magnetic layer and a magnetic layer are formed, and it considers 
s a magnetoresistance-effect film. 

3099] And the artificial grid film shown below formed [ film / oxide antiferromagnetism ] membranes a second at 
bout 2.2-3.5A //second / membrane formation speed about 1 .0-1. 4A /, the magnetic thin film, and the nonmagnetic 
lin film. 

)100] In addition, for example, NiOx/(300) CoOy When displayed as (10) / NiFe(60) / Cu(25) / NiFe (60), It is NiOx 
n a substrate. They are 300A and CoOy about a thin film. After carrying out the 10A laminating of the thin film and 
Drming an antiferromagnetism layer, It means forming 60A nickel80%-Fe20% of alloy thin film, Cu thin film of 25 A 
*, and the nickel80%-Fe20% thin film of 60A ** one by one. 
3101] The produced spin bulb film is shown below. 

3102] 1 . Non-magnetic Layer Cu(a) NiOx/CoOy System Sample I.Glass/NiOx/( 150-500) CoOy/(l-40) NiFe(20- 
50)/Cu(8-40)/NiFe (20-150) 

5) NiOx/NiCoOy System sample i.glass/NiOx/(l 50-500) nickelO.l Co0.9 Oy/(1-40) NiFe(20-150)/Cu(8-40)/NiFe 
20-150) 

.glass/NiOx (150~500)/Ni0.3 Co0.7 Oy (l~40)/NiFe(20~150)/Cu(8~40)/NiFe(20~150) 
i.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (l~40)/NiFe(20~150)/Cu(8~40)/NiFe(20~150) 
/.glass/NiOx (150~500)/Ni0.7 Co0.3 Oy (l~40)/NiFe(20~150)/Cu(8~40)/NiFe(20~150) 
.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (l~40)/NiFe(20~150)/Cu(8~40)/NiFe(20~150) 

;) NiOx/NiCoOy Multilayer system sample i.glass/NiOx/(150-500)nickel0.9 CoO.l Oy (3) / nickel0.7 Co0.3 Oy (3) / 
ickel0.5 Co0.5 Oy (3) / nickelO.3 Co0.7 Oy (3)/NiFe(20-l 50)/Cu(8-40)/NiFe (20-1 50) 
.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
20-1 50)/Cu(8~40)/NiFe(20~l 50 

i.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
20-1 50)/Cu(8~40)/NiFe(20~l 50) 

/.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
20~150)/Cu(8~40)/NiFe(20~150 

.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
20-1 50)/Cu(8~40)/NiFe(20~l 50) 

i.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.9 CoO.l Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
20-1 50)/Cu(8~40)/NiFe(20~l 50 

. Magnetic Pinning Layer Co(a) NiOx/CoOy System Sample I.Glass/NiOx/( 150-500) CoOy/(l-40) Co(20-150)/Cu(8- 
•0)/NiFe (20-150) 

b) NiOx/NiCoOy System sample i.glass/NiOx/( 150-500) nickelO.l Co0.9 Oy/(1-40) Co(20-150)/Cu(8-40)/NiFe (20- 
50) 

i. glass/NiOx (150~500)/Ni0.3 Co0.7 Oy (l-40)/Co(20~150)/Cu(8~40)/NiFe(20~150) 

ii. glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (l~40)/Co(20~150)/Cu(8~40)/NiFe(20~150) 
v.glass/NiOx (150~500)/Ni0.7 Co0.3 Oy (l~40)/Co(20~150)/Cu(8~40)/NiFe(20-150) 
'.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (l~40)/Co(20~150)/Cu(8~40)/NiFe(20~150 

c) NiOx/NiCoOy Multilayer system sample i.glass/NiOx/(150-500)nickel0.9 CoO.l Oy (3) / nickel0.7 Co0.3 Oy (3) / 
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ckel0.5 Co0.5 Oy (3) / nickel0.3 Co0.7 Oy (3)/Co(20-150)/Cu(8-40)/NiFe (20-150) 

glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.1 Co0.9 Oy (3)/Co 

:0~1 50)/Cu(8~40)/NiFe(20~l 50) 

i.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/Co 
:0~1 50)/Cu(8~40)/NiFe(20~l 50) 

.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/Co 
:0~1 50)/Cu(8~40)/NiFe(20~l 50) 

glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/Co 
!0~1 50)/Cu(8~40)/NiFe(20~l 50) 

:.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.9 CoO.l Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/Co 
I0~1 50)/Cu(8~40)/NiFe(20~l 50) 

Non-magnetic Layer Au(a) NiOx/CoOy System Sample I.Glass/NiOx/( 150-500) CoOy/(l-40) NiFe(20-150)/Au(8- 
3)/NiFe (20-150) 

>) NiOx/NiCoOy System sample i.glass/NiOx/(l 50-500) nickelO.l Co0.9 Oy/(1-40) NiFe(20-150)/Au(8-40)/NiFe 
'.0-150) 

.glass/NiOx (150~500)/Ni0.3 Co0.7 Oy (l~40)/NiFe(20~150)/Au(8~40)/NiFe(20~150) 
i.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (l~40)/NiFe(20~150)/Au(8~40)/NiFe(20~150) 
'.glass/NiOx (150~500)/Ni0.7 Co0.3 Oy (l~40)/NiFe(20~150)/Au(8~40)/NiFe(20~150) 
.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (l~40)/NiFe(20~150)/Au(8~40)/NiFe(20~150) 

:) NiOx/NiCoOy Multilayer system sample i.glass/NiOx/(150-500)nickel0.9 CoO.l Oy (3) / nickel0.7 Co0.3 Oy (3) / 

ickel<SUB>0.5 Co0.5 Oy (3) / nickel0.3 Co0.7 Oy (3)/NiFe(20-l 50)/Au(8-40)/NiFe (20-1 50) 

.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 

>0~150)/Au(8~40)/NiFe(20~150 

i.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
>0~1 50)/Au(8~40)/NiFe(20~l 50) 

'.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
>0~1 50)/Au(8~40)/NiFe(20~l 50 

.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
>0~1 50)/Au(8~40)/NiFe(20~l 50) 

i.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.9 CoO.l Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
>0~1 50)/Au(8~40)/NiFe(20~l 50 

. Non-magnetic Layer Ag(a) NiOx/CoOy System Sample I.Glass/NiOx/(l 50-500) CoOy/(l-40) NiFe(20-150)/Ag(8- 
0)/NiFe (20-150) 

5) NiOx/NiCoOy System sample i.glass/NiOx/(l 50-500) nickelO.l Co0.9 Oy/(1-40) NiFe(20-150)/Ag(8-40)/NiFe 
20-150) 

.glass/NiOx (150~500)/Ni0.3 Co0.7 Oy (l~40)/NiFe(20~150)/Ag(8~40)/NiFe(20~150) 
i.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (l~40)/NiFe(20~150)/Ag(8~40)/NiFe(20~150) 
/.glass/NiOx (150~500)/Ni0.7 Co0.3 Oy (l~40)/NiFe(20~150)/Ag(8~40)/NiFe(20~150) 
glass/NiOx (150~500)/Ni0.9 CoO.l Oy (l~40)/NiFe(20~150)/Ag(8~40)/NiFe(20~150) 

z) NiOx/NiCoOy Multilayer system sample i.glass/NiOx/(150-500)nickel0.9 CoO.l Oy (3) / nickel0.7 Co0.3 Oy (3) / 
ickel0.5 Co0.5 Oy (3) / nickel0.3 Co0.7 Oy (3) / NiFe (20-150) / Ag (8-40) / NiFe (20-150) 
..glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
20-1 50)/Ag(8~40)/NiFe(20~l 50 

li.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
20-1 50)/Ag(8~40)/NiFe(20~l 50) 

v.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
20-1 50)/Ag(8~40)/NiFe(20~l 50 

.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
20-1 50)/Ag(8~40)/NiFe(20~l 50) 

'i.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.9 CoO.l Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
20-1 50)/Ag(8~40)/NiFe(20~l 50 

i. Non-magnetic Layer Ru(a) NiOx/CoOy System Sample I.Glass/NiOx/( 150-500) CoOy/(l-40) NiFe(20-150)/Ru(8- 
t0)/NiFe (20-150) 

b) NiOx/NiCoOy System sample i.glass/NiOx/(l 50-500) nickelO.l Co0.9 Oy/(1-40) NiFe(20-150)/Ru(8-40)/NiFe 
20-150) 
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glass/NiOx (150~500)/Ni0.3 Co0.7 Oy (l~40)/NiFe(20~150)/Ru(8~40)/NiFe(20~150) 
i.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (l~40)/NiFe(20~150)/Ru(8~40)/NiFe(20~150) 
.glass/NiOx (150~500)/Ni0.7 Co0.3 Oy (l~40)/NiFe(20~150)/Ru(8~40)/NiFe(20~150) 
glass/NiOx (150~500)/Ni0.9 CoO.l Oy (l~40)/NiFe(20~150)/Ru(8~40)/NiFe(20~150) 

;) NiOx/NiCoOy Multilayer system sample i.glass/NiOx/(150-500)nickel0.9 CoO.l Oy (3) / nickel0.7 Co0.3 Oy (3) / 
ickel0.5 Co0.5 Oy (3) / nickel0.3 Co0.7 Oy (3) / NiFe (20-150) / Ru (8-40) / NiFe (20-150) 
.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
!0~1 50)/Ru(8~40)/NiFe(20~l 50 

i.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
»0~1 50)/Ru(8~40)/NiFe(20~l 50) 

'.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
!0~1 50)/Ru(8~40)/NiFe(20~l 50 

glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
!0~1 50)/Ru(8~40)/NiFe(20~l 50) 

i.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.9 CoO.l Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
>0~1 50)/Ru(8~40)/NiFe(20~l 50 

. Non-magnetic Layer Re(a) NiOx/CoOy System Sample I.Glass/NiOx/( 150-500) CoOy/(l-40) NiFe(20-150)/Re(8- 
0)/NiFe (20-150) 

>) NiOx/NiCoOy System sample i.glass/NiOx/(l 50-500) nickelO.l Co0.9 Oy/(1-40) NiFe(20-150)/Re(8-40)/NiFe (20- 
50) 

.glass/NiOx (150~500)/Ni0.3 Co0.7 Oy (l~40)/NiFe(20~150)/Re(8~40)/NiFe(20~150) 
i.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (l~40)/NiFe(20~150)/Re(8~40)/NiFe(20~150) 
'.glass/NiOx (150~500)/Ni0.7 Co0.3 Oy (l~40)/NiFe(20~150)/Re(8~40)/NiFe(20~150) 
.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (l~40)/NiFe(20~150)/Re(8~40)/NiFe(20~150) 

;) NiOx/NiCoOy Multilayer system sample i.glass/NiOx/(150-500)nickel0.9 CoO.l Oy (3) / nickel0.7 Co0.3 Oy (3) / 
ickel0.5 Co0.5 Oy (3) / nickel0.3 Co0.7 Oy (3) / NiFe (20-150) / Re (8-40) / NiFe (20-150) 
.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
>0~1 50)/Re(8~40)/NiFe(20~l 50 

i.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
>0~1 50)/Re(8~40)/NiFe(20~l 50) 

/.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
>0~1 50)/Re(8~40)/NiFe(20~l 50 

.glass/NiOx (15O~500)/Ni0.5 Co0.5 Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
>0~1 50)/Re(8~40)/NiFe(20~l 50) 

i.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.9 CoO.l Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
>0~1 50)/Re(8~40)/NiFe(20~l 50 

. Non-magnetic Layer Cul-X Agx(a) NiOx/CoOy System Sample I.Glass/NiOx/(l 50-500) CoOy/(l-40) NiFe(20- 
50)/Cul-X Agx/(8-40) NiFe (20-150) 

d) NiOx/NiCoOy System sample i.glass/NiOx/(l 50-500) nickelO.l Co0.9 Oy/(1-40) NiFe(20-150)/Cul-x Agx/(8-40) 
HFe (20-150) 

.glass/NiOx (150~500)/Ni0.3 Co0.7 Oy (l~40)/NiFe(20~150)/Cul-x Agx (8~40)/NiFe(20~150) 

i.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (l~40)/NiFe(20~150)/Cul-x Agx (8~40)/NiFe(20~150) 

/.glass/NiOx (150~500)/Ni0.7 Co0.3 Oy (l~40)/NiFe(20~150)/Cul-x Agx (8~40)/NiFe(20~150) 

.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (l~40)/NiFe(20~150)/Cul-x Agx (8~40)/NiFe(20~150) 

c) NiOx/NiCoOy Multilayer system sample i.glass/NiOx/(150-500)nickel0.9 CoO.l Oy (3) / nickel0.7 Co0.3 Oy (3) / 

ickel0.5 Co0.5 Oy (3) / nickelO.3 Co0.7 Oy (3)/NiFe(20-150)/Cul-x Agx/(8-40) NiFe (20-150) 

i. glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
20~150)/Cul-x Agx (8~40)/NiFe(20~150) 

ii. glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
20~150)/Cul-x Agx (8~40)/NiFe(20~150) 

v.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
20~150)/Cul-x Agx (8~40)/NiFe(20~150) 

.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
20~150)/Cul-x Agx (8~40)/NiFe(20~150) 

'i.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.9 CoO.l Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
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0~150)/Cul-x Agx (8~40)/NiFe(20~150) 

Non-magnetic Layer Cul-X Rex(a) NiOx/CoOy System Sample I.Glass/NiOx/(l 50-500) CoOy/(l-40) NiFe(20- 
0)/Cul-X Rex/(8-40) NiFe (20-150) 

) NiOx/NiCoOy System sample i.glass/NiOx/( 150-500) nickelO.l Co0.9 Oy/(1-40) NiFe(20-150)/Cul-x Rex/(8-40) 
iFe (20-150) 

glass/NiOx (150~500)/Ni0.3 Co0.7 Oy (l~40)/NiFe(20~150)/Cul-x Rex (8~40)/NiFe(20~150) 

.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (l~40)/NiFe(20~150)/Cul-x Rex (8~40)/NiFe(20~150) 

.glass/NiOx (150~500)/Ni0.7 Co0.3 Oy (l~40)/NiFe(20~150)/Cul-x Rex (8~40)/NiFe(20~150) 

glass/NiOx (150~500)/Ni0.9 CoO.l Oy (l~40)/NiFe(20~150)/Cul-x Rex (8~40)/NiFe(20~150) 

) NiOx/NiCoOy Multilayer system sample i.glass/NiOx/(150-500)nickel0.9 CoO.l Oy (3) / nickel0.7 Co0.3 Oy (3) / 

ckel0.5 CoO.5 Oy (3) / nickel0.3 Co0.7 Oy (3)/NiFe(20-150)/Cul-x Rex/(8-40) NiFe (20-150) 

glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 

0~150)/Cul-x Rex (8~40)/NiFe(20~150) 

.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
0~150)/Cul-x Rex (8~40)/NiFe(20~150) 

.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
0~150)/Cul-x Rex (8~40)/NiFe(20~150) 

glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
0~150)/Cul-x Rex (8~40)/NiFe(20~150) 

.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.9 CoO.l Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
0~150)/Cul-x Rex (8~40)/NiFe(20~l 50) 

Antioxidizing Thickness Dependence (Sample a) Glass/NiOx/(l 50-500) CoOy (10)/Fe(3-30)/NiFe(20-150)/Cu(8- 
))/NiFe (20-150) 

.)glass/NiOx(150~500)/CoOy(10)/Ni(3~30)/NiFe(20~150)/Cu(8~40)/NiFe(20~150 
)glass/NiOx (1 50~500)/CoOy (1 0)/Co(3~30)/NiFe(20~l 50)/Cu(8~40)/NiFe(20~l 50 
l)glass/NiOx(150~500)/CoOy(10)/FeCo(3~30)/NiFe(20~150)/Cu(8~40)/NiFe(20~150) 
Oglass/NiOx (1 50~500)/CoOy (1 0)/NiCo(3~30)/NiFe(20~l 50)/Cu(8~40)/NiFe(20~l 50) 

D. Magnetic Layer / Non-magnetic Layer Interface Co (Insertion a) NiOx/CoOy System Sample I.Glass/NiOx/(150- 
)0) CoOy/(l-40) NiFe(20-150)/Co(l-30)/Cu(8-40)/Co(l-30)/NiFe (20-150) 

») NiOx/NiCoOy System sample i.glass/NiOx/(l 50-500) nickelO.l Co0.9 Oy/(1-40) NiFe(20-150)/Co(l-30)/Cu(8- 
))/Co(l-30)/NiFe (20-150) 

.glass/NiOx (150~500)/Ni0.3 Co0.7 Oy (l~40)/NiFe(20~150)/Co(l~30)/Cu(8~40)/Co(l~30)/NiFe(20~150) 
i.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (l~40)/NiFe(20~150)/Co(l~30)/Cu(8~40)/Co(l~30)/NiFe(20~150) 
' glass/NiOx (150~500)/Ni0.7 Co0.3 Oy (l~40)/NiFe(20~150)/Co(l~30)/Cu(8~40)/Co(l~30)/NiFe(20~150) 
glass/NiOx (150~500)/Ni0.9 CoO.l Oy (l~40)/NiFe(20~150)/Co(l~30)/Cu(8~40)/Co(l~30)/NiFe(20~150) 
5) NiOx/NiCoOy Multilayer system sample i.glass/NiOx/(150-500)nickel0.9 CoO.l Oy (3) / nickel0.7 Co0.3 Oy (3) / 
ickel0.5 Co0.5 Oy (3) / nickel0.3 Co0.7 Oy (3)/NiFe(20-150)/Co(l-30)/Cu(8-40)/Co(l-30)/NiFe (20-150) 
.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
>0~1 50)/Co(l~30)/Cu(8~40)/Co(l~30)/NiFe(20~l 50) 

i.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
>0~1 50)/Co(l~30)/Cu(8~40)/Co(l~30)/NiFe(20~l 50 

/.glass/NiOx (150~500)/Ni0.9 CoO.l Oy (3)/Ni0.5 Co0.5 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
>0~1 50)/Co(l~30)/Cu(8~40)/Co(l~30)/NiFe(20~l 50) 

.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.7 Co0.3 Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
>0~1 50)/Co(l~30)/Cu(8~40)/Co(l~30)/NiFe(20~l 50) 

i.glass/NiOx (150~500)/Ni0.5 Co0.5 Oy (3)/Ni0.9 CoO.l Oy (3)/Ni0.3 Co0.7 Oy (3)/Ni0.1 Co0.9 Oy (3)/NiFe 
20-1 50)/Co(l~30)/Cu(8~40)/Co(l~30)/NiFe(20~l 50) 
t comes out. 

D103] The typical B-H curve and M-R curve of a spin bulb film of this invention become like drawing 9 and 10. 
0104] Co oxidization thickness of resistance rate of change and NiCo oxidizing-zone thick dependence are shown in 
rawing 1 1 . Drawing 12 is the NiCo oxidization multilayer thick dependency of resistance rate of change similarly. 
Tius, resistance rate of change goes up gently by carrying out the 10A laminating of Co oxidization thin film, a NiCo 
•xidization thin film, and the NiCo oxidization multilayer of numbers from several angstroms on nickel oxide film. 
0105] Drawing 13 shows Co oxidization thickness of the switched connection magnetic field of the switched 
onnection layer at this time, and coercive force, and a NiCo oxidizing-zone thick dependency. Coercive force changes 
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lot to a switched connection magnetic field not changing from several angstroms so much in the range of 10A of 
imbers. Thus, in the M-R curve of a spin bulb film, a hysteresis is greatly improved by carrying out the laminating of 
d oxidizing zone, a NiCo oxidizing zone, or the NiCo oxidization multilayer layer on nickel oxide film. 
106] Drawing 14 shows nickel oxidizing-zone thick dependence of resistance rate of change and a switched 
♦nnection magnetic field. Although resistance rate of change is hardly influenced by nickel oxidization thickness, it 
spends for a switched connection magnetic field to nickel oxidization thickness notably. That is, 100 A or more of 
ckel oxidization thickness is needed. 

107] The following table 1 shows the O/nickel ratio in nickel oxide film. By nickel oxide film of this invention, 

ckel/O ratios are 0.6-1.5 and the oxygen defect or the property equivalent also at hyperoxia is shown. 

•108] 
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loreover, drawing 15 shows the change of a switched connection magnetic field to a O/nickel ratio. Thus, when 

/nickel ratios were 0.6-1.5, the switched connection magnetic field of 120 or more Oes was acquired. 

)109] The following table 2 shows the O/NiCo ratio in a NiCo oxide film in nickel oxidization / NiCo oxidization 

ilayer antiferromagnetism film. The amount of oxygen shows 0.5 or more values to NiCo. 

)110] 
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Tie XPS result of Co oxide film at this time is shown in drawing 16 . Although a peak configuration changes with the 
alences (13 47 ref .N.S.Mclntyre andM.G.Cook, Anal.Chem.Vol. No. 2208 (1975)), it makes a Co2p peak clear from 
rawing that Co oxidization phase of Spinel structure is the film contained. [ many ] As for such a Co oxidization 
•hase of Spinel structure, room temperature membrane formation is also obtained easily. Moreover, drawing 17 shows 
le coercive force of a switched connection layer and the change of a switched connection magnetic field to an O/NiCo 
atio. Thus, by making an O/NiCo ratio into the range of 0.5-2.5, it becomes switched connection magnetic field > 
oercive force, and a hysteresis is no longer looked at by the output of a magnetoresistance-effect element. 
0111] Drawing 1 8 shows the coercive force of a switched connection layer to the surface roughness of an 
ntiferromagnetism layer. That it is related not only to surface composition of an antiferromagnetism layer but surface 
oughness makes the coercive force of a switched connection layer clear. This is because the magnetic-domain 
tructure of the magnetic layer which turns a laminating up by surface roughness is influenced, at the time of the 
urface roughness which is 3 -3 OA, coercive force serves as the minimum and MR property as a spin bulb film becomes 
;ood. 
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1 12] Drawing 19 shows heat treatment temperature dependence of the resistance rate of change when changing a 
>n-magnetic material. Being maintained to higher temperature makes resistance rate of change clear by using a non- 
agnetic material as a CuAg alloy or a CuRe alloy. This is because alloying of nickel and Cu is suppressed when Ag 

Re deposits in the grain boundary. 

113] Drawing 20 shows non-magnetic layer thick dependence of resistance rate of change. By the spin bulb film of 
is invention, resistance rate of change has two peaks to nonmagnetic thickness in this way. This is for an 
ttiferromagnetism-interaction to appear between magnetic layers. It was obtained by 20-30A of nonmagnetic 
ickness, and 10% was obtained by 10A 6.5% as resistance rate of change. 

•114] Draw i ng 21 shows magnetic layer thick dependence of resistance rate of change. It makes resistance rate of 
lange clear that extremal value is shown in 40-70A of magnetic thickness. Moreover, by using a ferromagnetic 
aterial of Co system, the electronic dispersion probability in a magnetic layer / non-magnetic layer interface went up, 
id higher resistance rate of change (10%) was obtained. 

ill5] Drawing 22 shows thickness dependence of the resistance rate of change when inserting Co system alloy (Co, 
sCo, NiCo, NiFeCo) in a magnetic layer / non-magnetic layer interface. An effect shows up by insertion of 1 A or 
ore, and it becomes clear that the effect is saturated with 10A or more. At this time, in 30A or more of Co insertion, 
e coercive force of the magnetic layer which detects a magnetic field is set to about 10 Oes, and a hysteresis becomes 
isy to produce it in the MR property of a spin bulb film. 

)1 16] Drawin g 23 shows heat treatment temperature dependence of the switched connection magnetic field when 

tserting Fe, nickel, Co(es), or these alloys in the interface of an antiferromagnetism thin film and a magnetic thin film. 

y inserting an antioxidizing film between an oxide antiferromagnetism thin film and a magnetic thin film, the 

vitched connection magnetic field fall by magnetic layer oxidization was suppressed, and the switched connection 

lagnetic field of about 1 50 Oes was maintained also to heat treatment which is 300 degrees C. 

)1 17] MR curve of an element when drawing 24 made the spin bulb film of this invention an element height of 1 

ricrometer and element width of face of 1 .2 micrometers, and the CoCrPt permanent magnet film has been adjacently 

ranged as a magnetic-domain stabilization film is shown. From this, while magnetic-domain stabilization was 

tained by the permanent magnet thin film and nonlinear outputs, such as a bulk HAUZEN jump, were avoided, as 

Dmpared with the usual anisotropy magnetoresistance effect, the about 6 to 10-time output was obtained. 

)1 18] Then, the example of the magnetoresistance-effect element of this invention is explained. 

)1 19] The quality of the material of the composition shown in introduction and the following table 3 and each class 

id the magnetoresistance-effect element of thickness were produced. 

)120] 
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Tie relation between the element MR ratio at this time and nickel oxide thickness is shown in drawing 29 . Although 
iOnm hardly changes with reduction of nickel oxide thickness, less than [ it ], MR ratio decreases, cuts lOnm, hits and 
*>mes out, and almost becomes zero. In order to use as a magnetoresistance-effect element, it becomes clear that it is 
equired for nickel oxide thickness to be IOnm or more. 

0121] Next, the quality of the material of the composition shown in the following table 4 and each class and the 
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agnetoresistance-effect element of thickness were produced. 
122] 
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lement coercive force He at this time And the relation between the switched connection magnetic field Hex and Co 
ride thickness is shown in drawing 30 . It is He although He and Hex decrease with the increase in Co oxide-layer 
ickness. Since the methods of the reduction differ by Hex, it is Hex>Hc. The becoming range is 0.3 -3nm. It sets for 
e magnetoresistance-effect element of this type, and is Hex>Hc. Since the bird clapper is desirable, it is necessary to 
;t Co oxide-layer thickness to 0.3-3. Onm. 

H23] Next, the quality of the material of the composition shown in the following table 5 and each class and the 

; agnetoresistance-effect element of thickness were produced. 
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►rawing 3 1 is the relation between nickel atomic number/in nickel oxide layer in this element (nickel atomic number 
O atomic number), and the switched connection magnetic field Hex, and drawing 32 is the relation between Co 
tomic number/in Co oxide layer (Co atomic number +O atomic number), and the switched connection magnetic field 
[ex. It turns out that it is required for Hex to show a positive value in 0.3-0.7, and to be in this range in the case of 
oth nickel oxide layer and Co oxide layer. Although the peak was taken in the 0.4 neighborhoods about Co oxide 
iyer, when the membrane structure at this time was investigated by X-ray photoelectron spectroscopy, it is Co 304. It 
ecame clear that a spinel is a principal component. 

3125] Next, the quality of the material of the composition shown in Table 5 and each class and the magnetoresistance- 
ffect element of thickness are produced, and it is the surface roughness and coercive force He immediately after nickel 
xide / Co oxide membrane formation. And the relation with the switched connection magnetic field Hex was 
ivestigated ( drawing. 3 3 ). It follows on increase of surface roughness and is He. Increasing, Hex decreases. Hex>Hc 
esirable as a magnetoresistance-effect element That surface roughness is lOnm or less makes clear the range to fulfill. 
0126] Next, the magnetoresistance-effect element was made as an experiment using various material in the 1st and 
nd ferromagnetic layers with composition called an alumina ground layer / nickel oxide (3 Onm) / Co oxide (0.9nm) / 
he 1st ferromagnetic layer (4nm) / Cu layer (2.5nm) / the 2nd ferromagnetic layer (6nm) / Ta protective layer (1.5nm). 
AR ratio of each element is shown in the following table 6. 
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ext, various elements were converted into Cu used as a non-magnetic layer, and the corrosion potential was 
teasured. A result is shown in the following table 7. The value of a corrosion potential is improved by any addition of 
i element. 
)128] 
fable 7] 
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sxt, the magnetoresistance-effect element was produced with the composition of the following table 8, various Ag 
Iditions to Cu were boiled and changed, and it asked for the heat treatment temperature T which fell to 50% before 
[R ratio heat-treating with heat treatment of 1 hour 
)129] 
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shown in the following table 9, T increased in monotone with increase of Ag addition. 
0130] 
Table 9] 
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?xt, the magnetoresistance-effect element was produced with the composition of Table 8 v various Re additions to Cu 
ere boiled and changed, and it asked for the heat treatment temperature T which fell to 50% before MR ratio heat- 
eating with heat treatment of 1 hour 

1131] As shown in the following table 10, T increased in monotone with increase of Re addition. 
)132] 
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Text, the angle theta which the easy shaft of the 1st ferromagnetic layer and the 2nd ferromagnetic layer makes and 
oercive force He of the 2nd ferromagnetic layer The relation was investigated ( dr awin g 34 ). Film composition used 
/hat was shown in the following table 1 1 . 
0133] 
Table 11] 
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follows on increase of theta and is He. It decreased in monotone and was set to 1 or less Oe in 70 to 90 degrees, 
fhen this range reduces the hysteresis of an element and reduces the Barkhausen noise of a head, it becomes clear that 
is a more desirable range. 

)134] Next, the head was made as an experiment using drawing 26 and composition as shown in Table 12, the quality 

f the material, and thickness. 

)135] 
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Jnder the present circumstances, the magnetoresistance-effect element of composition of being shown in the following 
ible 1 3 was used. 
0136] 
Table 13] 



Page 21 of 22 







ft J¥ («> 




N i O, 
x 1-x 


25 


CoKftWg 




1 




NiFfi 


1-20 




Co 


1 


* at tt jb 


C u 


1—4 




Co 


1 




N i F e 


2—2 0 


« 31 « 


Cu 


1. 5 



relation with the 1 st a little more than magnetic layer thickness, the upper gap layer, and lower gap layer thickness 
om which the cross point is set to 0.5 to the relation of the cross point and the 1st a little more than magnetic layer 
ickness at the time of changing an upper gap layer and lower gap layer thickness into drawing 35 and drawing 36 is 
lown. Under the present circumstances, the thickness of an upper gap layer and a lower gap layer is set up so that it 
iay become equal. The 2nd magnetic layer thickness is fixed to 6nm. The definition of the cross point is shown in 
rawin g 37 . The cross points decreased in number with the increase in the 1 st magnetic layer thickness. Moreover, 
though the thickness of the 1st magnetic layer which gives the cross point 0.5 decreases linearly with the increase in 
i upper gap layer and lower gap layer thickness, it is all 1 Onm or less in this gap range. 

)137] A relation with the 1st a little more than magnetic layer thickness, the upper gap layer, and lower gap layer 
tickness from which the cross point is set to 0.5 to the relation of the cross point and the 2nd a little more than 
tagnetic layer thickness at the time of changing an upper gap layer and lower gap layer thickness into drawing 38 and 
rawing 39 is shown. Under the present circumstances, the thickness of an upper gap layer and a lower gap layer is set 
p so that it may become equal. The 1st magnetic layer thickness is 6nm. The definition of the cross point is shown in 
r awi ng 37 . The cross points decreased in number with the increase in the 2nd magnetic layer thickness. Moreover, 
[though the thickness of the 2nd magnetic layer which gives the cross point 0.5 decreases linearly with the increase in 
i upper gap layer and lower gap layer thickness, it is all lOnm or less in this gap range. 

)1 38] The following table 14 is the output signal half- value width at the time of changing the 1 st antiferromagnetism 
lyer thickness by 5-100nm. 
)139] 
fable 14] 
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he linear velocity of the medium at the time of record reproduction is 10 m/s. 2Gb/inch2 Although output signal half- 
alue width needed to be 25 or less ns for the high recording density realization beyond a grade, as for this condition, 
ie 1st antiferromagnetism layer thickness was realized by 30nm or less. 

)140] Drawing 40 is the relation between element height and output voltage. 2x107 A/cm2 and the width of recording 
ack set sense current to 1 micrometer. Output voltage will become large if element height becomes small. Although 
bout [ 400micro ] V are generally needed as output voltage, that it is 1 micrometer or less makes clear the range of 
lement height with which this condition is filled. 
5141] 

3ffect of the Invention] According to this invention, resistance change can be linearly carried out before and behind a 
ero magnetic field, and the spin bulb multilayer which was moreover excellent in corrosion resistance can be obtained 
3 that clearly from the above explanation. At this time, the coercive force of a switched connection layer is also small, 
nd the hysteresis when considering as a magnetoresistance-effect element is also mitigated remarkably. Moreover, 
lermal resistance is also improved remarkably and property change is no longer seen hardly also to 300-degree C heat 
eatment. 

3142] Moreover, according to this invention, a magnetoresistance-effect element with good corrosion resistance and a 
ood switched connection magnetic field, a hysteresis characteristic, MR ratio, the cross point, and output signal half- 
alue width, a shielded type magnetoresistance-effect sensor, a magnetic-reluctance detection system, and a magnetic 
torage system can be obtained. 
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